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ABSTRACT 

The objective of this investigation was to evaluate three different battery 
analytical :;odels for predicting electric vehicle battery output and the corre- 
sponding electric vehicle range for various driving cycles as described by 
SAE-J227a. The approach consisted of using the models to predict output and 
range, then comparing the results with experimentally determined values. The 
latter were determined by laboratory tests on batteries, using discharge cycles 
identical to those encountered by an actual electric vehicle while on the SAE 
cycles. Results indicated that the so-called Modified Hoxie Model gave the best 
predictions with an accuracy of about 97-98% in most cases and 86% in the worst 
case. Solution of this model required lengthy iterative calculations that were 
carried out with a con?)uter. The program that was written to perform these cal- 
culations is included in this report. Also described are the program and Hard- 
ware that were used to automatically discharge the battery in accord with the 
current profiles corresponding to the SAE driving cycles. Future efforts are 
recommended using these models to predict the effect of battery type on range of 
a wide variety of vehicles. 
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SECTION I 
INTRODUCTION 


Public Law 94-413, the Electric and Hybrid Research, Development, and 
Den.ons tra tion Act of 1976, authorizes a broad program designed to promote electric 
and hybrid vehicle technologies and to demonstrate the commercial feasibility of 
these systems. Activities under the Act will require a great deal of road test- 
ing of existing and advanced vehicles. This testing is quite time consuming and 
costly due to the need for a) development and integration of complex instrumenta- 
tion systems, b) transportation of vehicles to and from test tracks, c) track 
costs, d) per diem costs, e) lengthy test procedures which must often be repeated 
due to weather conditions, f) computer time for processing data, and g) appreci- 
able amounts of engineering labor for data reduction and analysis. Throughout 
the course of the Act the road tests alone could amount to several hundreds of 
thousands of dollars or even millions of dollars depending upon the required 
number of tests. 

One method for sharply reducing the time and cost of such tests is Ly devel- 
opment and use of analytical vehicle models. Once these models are developed, 
it is possible to carry out computer simulation runs and determine all the infor- 
mation that could be obtained in a road test, i.e., range, energy economy, 
acceleration capability, gradability, component and overall vehicle efficiency, 
etc. The runs can be carried out at a fraction of the cost of the road tests. 

Successful development of a vehicle model requires detailed knowledge and 
analytical im^dels of the vehicle’s powertrain components including charger, 
battery, controller, riK)tor, and gear train. 

Ihe scope of this investigation was limited to study of one of the above 

compouents, the battery. The objective was to test the relative accuracies of 

three previously proposed battery models in predicting battery performance. In 

particular It was desired to establish which of the three models gave the best 

prediction of electric vehicle battery output and corresponding electric vehicle 

range when subjected to selected driving patterns. The models of concern are 

( 1 ) 

referred to as the a) Fractional Utilization Model, ^ b) Shepherd Model, 
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and c) Modified Hoxie Model, ' The driving patterns of concern are Schedules B, 
C, and D, of SAE-J227a.^^^ 
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SECTION II 
APPROACH 


Approach to the problem consisted of both analytical and experimental 
investigations on an ESB EV-J06 lead-acid battery. The analytical effort con- 
sisted of using the models to predict battery output when subjected to discharge 
regimes associated with the SAE driving cycles. The calculated outputs were then 
used to predict vehicle range in the manner described below. T'le experimental 
effort consisted of laboratory tests on the battery to determine actual outputs 
whei. subjected to the identical regimes as above. The measured outputs were 
then used to calculate range in the manner described below. A comparison was 
then made of actual and analytically predicted output to test accuracy of the 
models . 

A. ANALYTICAL 

Theoretical prediction of range for each of the models was carried out in 
the following manner. First, a current-time profile curve was obtained for each 
of Che driving cycles. These profile curves were taken from prior road tests on 
the experimental Ripp-Electric vehicle (described in Section IV). Next, the cur- 
rent values from these profile curves were Inserted into the iiudels (witli EV-106 
constants) which were then solved to yield the number of driving cycles an 
EV-106 battery could conflplete to a defined end point. The range per cycle was 
tlien computed from the known velocity profile associated with Che cycle. Finally, 
the total predicted range was taken as the product of number of cycles and range 
in kilometers (miles) per cycle. 

B. EXPERIMENTAL 

Experimental determination of range was carried out in the following manner. 
First, the same current-time profiles as above were taken for each of the driving 
cycles. Next, a conputer program was written to have JPL's Automatic Charge- 
Discharge Controller and Data Processing System operate hardware (power supplv and 
load) to discharge an EV-106 battery In accord with the given current-time profile. 
Then the test was performed to determine the number of cycles to a defined cutoff 
point. Finally, the range was computed in the same r.ainer as above, l.e. , product 
of number of cycles and range in kilometers (miles) o-r cycle. 
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SECTION III 
DESCRIPTION OF MODELS 


A. FRACnONAL UHLIZATION MODEL 

The Fractional Utilization Model was examined for its range prediction 
capability in a recent study by the General Research The model is based 

on the assunption that during each increment of time. At, a portion of the 
battery vjeiglit is depleted. As employed here, the term "depleted" means the 
expenditure of a given amount of discharge energy. This does not inply that the 
portion of the battery weight is permanently lost, as it can be sdssequently 
recharged to supply additional energy. The portion depleted is: 


A»j 


Pj Ac 

E (Pj/Wj) 


where 


(I) 


AWj 


P. 

J 


At 


= portion of battery depleted during At, kg (lbs) 

= battery power required during the jth interval, watts (product 
of average voltage and known current) 

= time of jth interval, hra 


E(Pj/Wjj) = specific energy density, watt-hrs/kg (watt-hrs/lb) , which 

corresponds to the power density, watts/lb (this may be 

obtained from the manufacturer's plot of energy density vs. 
power density, or may be obtained experimentally). 


The current profile during each driving cycle is approximated by a series 
of constant current steps, and the weight of the battery conaumad during each 
step is computed by Eq. 1. The individual weights are then summed to give the 
total weight consumed per cycle. The number of cycles is obtained by dividing 
the total battery weight by the weight consumed per cycle. The range is taken 
as product of number of cycles and kilometers (miles) per cycle as above. The 
computational process is quite simple and can readily be carried out by means of 
a hand calculator. 
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B. SHEPHERD MODEL 

The Shepherd ^fodel was developed several years ago to characterize battery 
discharge data. It has, however, only recently been considered for use In elec- 
tric vehicle applications. The model gives the relationship between battery 
voltages and current In accord with the following equation: 

(ofe) 

where 

E ■ battery operating voltage, volts 

1 = current, amps 

« time, hrs 

Eg * experimentally determined constant chat corresponds to reference 
voltage, volts 

N • e.<perimentally determined constant that corresponds to internal 
resistance, ohms 

K “ experimentally determined constant that corresponds to polarization 
resistance, ohms 

Q =» experimentally determined constant that corresponds to battery 
capacity, amp-hrs. 

Values of th? constants E^, V, K, and 0 can be obtained either by the method 
given by Shepherd^^' or by Taylor and Siwek.^^^ In this investigation, the 
constants were determined by the latter method, employing constant current dis- 
charge data supplied by 

The model is used to predict range in the following manner. Eirst, the 
battery is assumed to be completely discharged when its terminal voltage reaches 

,V2 
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3.00 voitB at the hi^jiest discharge current. On this basis, we substitute the 
value of 3.00 volts for in Kqii. 2. Next, the current profile during a 
driving cycle is approximated by a series of constant current steps as above. 

The product *'it'* is conq)uted for each step and then suf.mied for the cy< le. The 
highest value of current from the above steps is then substituted for the value 
of **L" in Eqn. 2. The number of cycles '*n** that the battery can deliver is then 
determined by substituting the above values in Eqn. 2 and solving for "n” 

3.00 = E, - Mi - |77-^;1 Ki (3) 

s max ^Q-nit/ max 

Range is taken as the product of number of cycles and kilometers (miles) per 
cycle IS above. The computational process is quite simple and can be carried out 
by means of a hand calculator. 


C. H'^DIFIED HOXIE M)DEL 

Tlie original Hoxie Model^^^ was used to calculate the number of positive 
plates required for a battery to meet a specified load profile, such as given in 
rig. i. The TWDdel required discharge data in the form of time to cutoff at a 
specified voltage versas discharge rate. The required number of plates w.\r^ 
determined by the following equation 



(4) 


whc' ; o 


P 


= number of plates required 


A^, A.^, A.^,.. » amperes for periods 1, 2, 3 etc 

Tj, T 2 # indicated in Fig. 1 


Rj^, R 2 f Rq*** * amperes per positive plate for tim- « 12 * 

respectively (these currents are t i* ‘'corn the time to 
cutoff vs. discharge rate data referreci iw above). 
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A = CURRENT, AMPS 



Figure 1. Typical Load Profile Tor Original Hoxie Model 

A unique feature of the Hoxie M3del ia that it allows for capacity recupera- 
tion effects during periods of low current and open circuit as will subsequently 
be shown. 

Another application of the Hoxie Model is to solve for the output time at 
known current and with a fixed number of plates. This requires an iterative 
computational process, as the time for complete discharge, T^, is unknown. One 
must first assume a value of Tj^, calculate the summation in Eqn. A, and then 
compare the result with the selected number of plates. The process is repeated 
until the summation equals the selected number of plates. 

This latter approach has served as a basis for development of the so-called 

(3) 

Modified Hoxie Model given by Taylor and Siwek, The model is used to predict 
the output of a single battery, rather than a number of plates. The model 
require*^ diccharge data (as above) that relates time to cutoff and discharge 
rate. This discharge data can be expressed analytically in terms of the Shepherd 
constants given as followsi 

3-A 


f 


s' . -/ v,rJ- « 


... 


V 




where 


77-29 


AE t ^ + Q(N + n) /(AEt + NQ + KQ)' 

I = ^ — ■ — + / ^ 

2^ W /m2 ^ 2 

c ^ 4N t 


_ m. 

Nt 


i = current, amps 


(5) 


I - 


t = time to cutoff to a given voltage, hrs 


- i 


- E^ - E^, volts (Eg is a Shepherd constant and is cutoff voltage, 
3.00 volts in the case of EV-106 batteries) 


I ' 


Q = Shepherd constant as above 


i \ 


Shepherd constant as above 


K = Shepherd constant as above 


*• 

I 

t j 

t . 


The model states that the battery is completely discharged when the sum of 
the terms on the right-hand side of the following equation equals one: 


. - A- A^ - A„ A - A - 

^ 4 . 2 1 3 2 n n-1 

^ r% \ * T<» / . V • • • I 


R(tj) R(t 2 ) 


R(t3> 


R(t„) 


( 6 ) 


where 


one complete battery 


A^, A^, A^ . . . ■ amperes ror periods 1, 2, 3 etc in Fig, 2 


^ 1 > ^2* ^3 **• * indicated in Fig, 2 


R(tj^)» R(t2) 


R(t3> 


amperes per battery for times t^^, t 2 » ^3 ••• respectively 
(these currents are computed from Eqn. 5), 
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1 


A = CURRENT, AMPS 
t = TIME/HRS 



Eqn. 6 is solved by the iterative process described above, i.e. , by assuming 
a value of tj^, computing the sum, and then repeating the process if the sum is 
greater or less than one. 

Due to the lengthy calculations, it was necessary to set up a computer pro- 
gram to solve Eqn. 6 for the total operating time and number of driving cycles. 

A complete description of the program labeled Program "VCTIR" is given in 
Appendix A-1. Input parameters are given as currents and times of the driving 
cycles as well as values of the Shepherd constants. Output of the program is 
total operating time and number of driving cycles that the battery can deliver. 
Range is again taken as product of number of driving cycles and kilometers (miles) 
per cycle. It is well to point out that now that the program has been set up, it 
can be used not only to predict the effect of type of driving cycle on range, as 
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done herein, but also the effect of type of battery on range (by merely 
inserting the appropriate Shepherd constants for the battery of interest). 
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SECTION IV 

DRIVING CYCLES AND CURRENT PROFILES 

A schematic of an SAE J227-a driving cycle is given in Fig, 3. The cycle 

is broken down into five periods consisting of an acceleration period (t ), a 

cruise period (t ), a coast period (t ), a orake period (t, ), and an idle 
cr CO o 

period Time and maxlmiim speed attained during the acceleration period are 

specified in the SAE procedure. Time and speed of the cruise period are speci- 
fied in the procedure. Time of the coast period is specified in the procedure, 
and speed at the end of this period is determined experimentally on the vehicle. 

Time of the brake period and zero speed at the end of this period are specified 
in the procedure. Time and zero speed during the idle period are also specified 
in the procedure. 

Figures 4, 5, and 6 give the velocity profiles of the Ripp-Electric Vehicle 
while on Driving Schedules ”B”, "C", and "D" of SAE-J227a. Maximum cruise speeds 
for Schedules "B”, "C", and "D” are noted to be 32.2, 48.3, and 72.4 Icm/hr (20, 

30, and 45 mph) respectively. Total operating times on Schedules "3", "C", and "D" 
are noted to be 72, SO, and 122 sec/cycle respectively. Distance traveled during 
each cycle may be computed by taking the sum of the product of average speed and 
indicated times during each segment of the cycle. For Schedules "B", "C", and "D" 
the computed <alstances are 0.3377, 0.5339, and 1.5451 km/cycle (0.2099, 0.3349, 
and 0.9603 miles/cycle) respectively. 

Road tests established how battery currents varied during the course of a 
driving cycle. During acceleration, for example, the current was found to 
increase in an essentially linear manner with time. At the completion of the 
acceleration p?’"iod, the current dropped sharply to a lower level and maintained 
this level during the cruise period. At the completion of the cruise period, 
the currc..e dropped sliarply to zero and maintained this value during the periods 
of coast, brake, and idle. 

Figures 7, 8, and 9 give the current profiles experienced by the Rlpp-l’lectric 
Vehicle battery during the course of vehicle operation on driving schedules "B", 
"C", and "D" of SAE-J227a. Figure 7 gives the profile for schedule "B". It is 
noted therein that the peak current attained after 19 sec of acceleration is 
100 amp and that the steady current during the 19 sec of cruise is 30 amp. 
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Figure 3. Schematic of 3AE-J227a Driving Cycle 
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VELOCITY 

MPH 



Figure 4. Velocity Profile of Ripp-Electric Vehicle on Sdiedule "B" 
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Figure 5. Velocity Profile of Ripp-Electric Vehicle on Schedule "C" 


4-3 



TIME, SEC 


Figure 6. Velocity Profile or Ripp-Electric Vehicle on Schedule "D" 
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Figure 7. Current Profile of Ripp-Electric Vehicle 
Battery on Schedule ”B" 
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Figure 8. Current Profile of Ripp-Electrlc Vehicle 
Battery on Schedule "C" 



Figure 9. Current Profile of Ripp-Electric Vehicle 
Battery on Schedule "D" 
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Figure 8 gives the profile for schedule "C". It is noted therein that the peak 
current attained after the 18 sec of acceleration is 216 amp and that the steady 
current during the 20 sec of cruise is 54.6 amp. Figure 9 gives the profile for 
schedule "D". It is noted therein that the peak current attained after 28 sec 
of acceleration is 375 amp and that the steady current during the 50 sec of 
cruise is 88. 7 an^. 

Input data format for the models described herein requires constant current, 
rather than linearly varying current with time. For this reason, the linearly 
varying current ramp during acceleration is approximated by a series of step 
currents as indicated in Figs. 10, 11, and 12 for schedules "B", ”C”, and "D", 
respectively. For schedule "B" in Fig. 10, the 19 sec acceleration ramp is 
divided into two equal periods of 9.5 sec each. During the first 9.5 sec period 
the current is specified as 25 anp or 1/4 of the peak current of 100 amp. During 
the second 9.5 sec period the current is specified as 75 amp or 3/4 of the peak 
current of 100 amp. In this manner, the average current is the same as for the 
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Figure 10. Stepwise Current Approximation for Ripp-Elcctric 
Vehicle Battery on Schedule "B" 
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case where the current Increases linearly to 100 amp over a 19 sec period. 
Similarly for schedule "C" in Fig. 11 the 18 sec acceleration ramp is divided into 
two 9 sec periods, during the first of which the current is 54 amp, and during 
the second of which the current is 162 amp. Similarly for schedule "D" in 
Fig. 12, the 28 sec acceleration ramp is divided into two 14 sec periods, during 
the first of which the current is 94 amp, and during the second of which the 
current is 281 amp. 


4-8 


■ r *'* T 



77 - 2 ^ 


SECTION V 

INPUT DATA FOR . 

Raa^c prediction via each of the models »ced the following input data 
for cycle .iaJ iiV-106 parameters. 

A. FRACTIONAL V. IM I' iTION MODEL 

(1) Weight of hai'tory -• 2S.4 kg . lbs) 

(2) Average assumed discharge voltage ■ 5.65 volts 

(3) Step current profiles (as given in Figs 10 through 12) 

<.4) Energy density vs. power density (from manufacturers' data given in 
Fig. 13)^^^ 

(5) Range per cycle = 0.3377 Icm/cyclc (0.2099 mi/cycle for schedule "B") 

= 0.5389 km/cycle (0.3349 rai/cycle for schedule "C") 

“ 1.5451 km/cycle (0.9603 mi/cycle for schedule "D"). 


B. SHEPHERD MODEL 

(1) E^utoff " volts (this represents manufi turers' recommended 

cutoff; the value can, of course, be varied) 

(2) Eg « 6. 15 volts 

(3) Q “170 amp-hr 

(4) N “ -0.0013 ohms 

(5) K - 0.0038 ohms 

(6) Step current profiles (as given in Figs. 10 through 12) 
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(7) Rjiiga per cycle = 0.3377 km/cycle (0.2099 mi/cvcle for schedule "li") 

(J.biay km/cycle (0.3349 mi/cycle for schedule "C") 

1.5451 km/i'ycle (0.9603 mi/cycle for schedule *'D"). 


C. MODIFIED HOXIE IDDEL* 

(1) E^ “ 6. 13 volts 

(2) AE = E^ - 6.13 volts - 5.25 volts = 0.90 volts 

(3) Q = 170 amp-hr 

(4) N = -0.0013 ohms 

(5) K = 0.0038 ohms 

(6) Peak current at end of acceleration ramp 

100 amps for schedule ' o" 

2J6 amps for schedule "C" 

375 amps for schedule *'D" 

(7) Time duration of acceleration ramp 

19 sec for schedule "B" 

18 sac for schedule "C" 

29 sec for schedule "D" 

(8) Number of steps In acceleration ramp 

2 for schedules "B", "C", and "D" 

(9) Current during cruise period 

35.0 amps for schedule "B" 

54.6 amps for schedule "C" 

88. 7 amps for schedule "D" 


NOIE: A computer program designated "Program VCTIR" was set up to solve Eqn. 6 

for a) time to cutoff, and b) number of cycles using the above or any other values 
of cycle and battery parameters, This program is described in Appendix A-1. 
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(10) Time duration of cruise period 

19 sec for schedule ”B" 

20 sec for schedule "C" 

50 sec for schedule ”D” 

(11) Time duration at open circuit (coast time + brake time + idle time) 

34 sec for schedule "B" 

42 sec for schedule "C" 

44 sec for schedule ”D” 

(12) Range per cycle * 0.3377 km/cycle (0.2099 mi/cycle for schedule "B") 

0.5339 km/cycle (0.3349 mi/cycle for schedule "C") 

1.5451 km/ cycle (0.9603 rai/cycle for schedule "D") 


/ 
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SECTION VI 

DRIVI!JG CYCLE LABORATORY SIMULATION TESTS 

A computer program operating in a real-time operating system environment on 
JPL’s Automatic Charge-Discharge Controller and Data Processing System (ACDCDPS) 
simulates various driving cycle current profiles according to SAE 227A require- 
ments* Parameters input during the initial execution of this program predeter- 
mine the driving schedule that will be simulated and the voltage limit for ter- 
mination of the test. 

The program transmits data to a relay-output card and a resistance output 
card, both located in an HP 6941B Multiprogrammer Extender (Digital Input /Output 
Multiplexor Subsystem) within the ACDCDPS. The relay-output card operates a 
400A contactor that controls the two states of the battery under test; discharge 
or open circuit. The resistance output card controls the output current of a 
resistance-programmable, constant current HP 6466C DC Power Supply through the 
battery and a diode load net\/ork. An HP-supplied subroutine is entered at several 
locations in the program to suspend execution. The resulting delays in execution 
control the resistance card output and relay output with respect to time. 

An operator enters the time delays in units of 10-mi llise con ds and two 
octal integers that relate to the peak current during acceleration and constant 
current during cruise, respectively. Then, an additional entry to display the 
values entered, start the testing, or stop program execution entirely. 

Battery voltage is measured (1) approximately 30 milliseconds before the 
start of the acceleration current profile, (2) approximately 30 milliseconds after 
the peak current is reached at the end of the acceleratio current ramp, and 
(3) again approximately 30 milliseconds after the end of the constant current 
cruise period. 

A diagram of the ADCDDPS, the test layout, and program listing, designated 
as *’BTEST”, appear i \ Appendix A-2. 
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The current fireflies to which the EV-106 battery was subjected are given 
in Figs. 7, 8, and 9 for schedules "B”, "C", and respectively. 

The batteries were charged overnight at constant current until specific 
gravities were in the range oi 1.29 to 1.30 at 90“F. Discharge was carried out 
at ambient temperature near 70°F. 
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SECTION VII 
RESULTS 


Table 1 gives a comparison of the analytically predicted driving cycles and 
range with the experimentally determined driving cycles and range as simulated in 
the laboratory with an EV-106 battery. The first column designates the type of 
predictive model and also t-he experimental result. The next two columns give 
both predicted and actual number of cycles ana corresponding range when subjected 
to the current profile of Schedule The next two columns give both predict.”*^ 

and actual number of cycles and corresponding range when subjectfd to the current 
profile of Schedule The last two columns give both predicted and actual 

number of cycles and corresponding range when subjected to the current profile 
of Schedule ”D**. Experimentally determined battery voltages during the course 
of these tests are given in Appendix A-3. 

Experimentally determined amp-hr outputs for Schedules "C**, and "D** 

were 173.2 All, 155.0 All, and 131.5 AH, respectively. 
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Table 1. Range Predicted by Ilodels Compared to Laboratory Simulation 
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SECTION VIII 
SUMMARY A:JD CONCLUSIONS 

Inspection of Table 1 indicates that the Ilodified Iloxie model gives the 
highest predicted range and number of driving cycles. This result is explained 
by the fact tliat this model takes into account battery recuperative effects 
while the other models do not take these effects into account. Further, it is 
noted that the experimental results agree very favorably with those predicted by 
the Modified Hoxie model. For Schedules C and D, the model overestimates the 
range by 2% and 14%, respectively, and for Schedule B the model underestimates 
range by 2%. The Sliepherd model predicts somewhat lower ranges than actual although 
the discrepancy is not too large (from 6 to 10% less depending on the Schedule). 

The Fractional Utilization model yields appreciably lower ranges than actual 
(from 11 to 37% less depending on the Schedule) and is the least accurate of the 
models. 

Based on the above, it appears that the Modified lloxie model may be used 
with high degree of confidence in predicting vehicle range. Accuracy of the 
model is 97 to 98% in most cases and 86% in the worst case. 

Range prediction via the Modified lloxie model is quite simple and rapid once 
the computer program has been written to solve the model's iterative calculations. 
Required inputs are simply: a) maximum current at end of acceleration and dur- 
ing cruise, b) the specified times associated with the various segments of the 
SAE J227a driving cycles, and c) the Shephard constants for the battery of 
interest. This input data has already been obtained in the case of the Ripp- 
Electric vehicle with EV-106 batteries. The data may be obtained quite readily 
for other vehicles and batteries by short-term tests on these vehicles and 
batteries. Once the input data is entered, the computer solves for number ’‘f 
cycles and range in a matter of only a few seconds. 
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SECTION IX 

RECOMMENDED FUTURE EFFORTS 

Having deim^ns t rated a high degree of accuracy of the Modified Hoxie model, 
it can now be used in a nunber of significant applications. One of these would 
involve range prediction for the Kipp-Elec irl c Vehicle on the SAE driving 
scnedules with batteries other than the EV-i06’s. Amongst the other batteries 
to be examined are other types of lead-acid batteries as well as Ni-Zn, Ni--fe, 
Zn-Cl^, Zn-Br^ Fe-Air, Na-S, and LiAl-'FeS batteries. Another application would 
involve range predictions for other electric vehicJes on the SAE driving sclieduies 
with the EV-106 and other batteries described above. Another application would 
involve range predictions for advanced electric vehicles that, remain yet on the 
drawing board. These predictions could be carried out for the SAE driving 
schedules with EV-106 and other batteries described above. In this case, the 
currents during acceleration and cruise would bo estimated from overall vehicle 
design tao dels. 

Results of the above efforts will help to implement in a timely and cost- 
effective manner the provisions of the Electric and Hybrid Research and Devel- 
opment Act of 1976 (Public Law 94-413), dealing with development of advanced 
electric vehicles. On this basis, it is strongly recommended that the proposed 
efforts be initiated as soon as possible. 
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APPENDIX A-1 

DESCSIPnON OF PROGRAM VCHR 


Program VCTIR calculates the number of driving cycles and the total elapsed 
time for a battery (having specified battery constants) to be reduced to its 
cutoff voltage. The method used Is to divide each cycle into Intervals of 
constant amperage levels and calculate the following sum over all cycles: 



where Aj^, A 2 » A 3 « ... A^^ are the amperage levels over all cycles, and l 2 , I 3 , 
..; 1 }| are the values of the current for which the battery will reach its cutoff 
voltage in time T 2 » ... is the total time for all cycles, 

T 2 ■ Ti - (time duration of level A^) , T 3 • T 2 - (time duration of level A 2 ), 

... and is che time duration of the last aiq>erage level. The value of Ti for 

which S2 1 is the theoretical time for the battery to reach its cutoff voltage 

for Che specified driving cycle. 

The driving cycle consists of the following three parts: 

1) A discharge raasp from zero amps to some level A^^ amps in time TR 
hours. (A linear ran^ is approximated by NINC rectangular steps.) 

The first and last steps are AINC anqps in height, and che intervening 
steps are ASTEP amps in height, where ASTEP ■ AH/NINC saps and 

AINC * ASIEP/2 amps. The time duration of each step in the ramp is 
TINC - TR/NINC hours. 

2) A constant discharge (cruise) amperage level of AL amps for a time 
duration of TDL hours. 

3) An open circuit period of TO hours. 

The program calculates the value of Ti for which S2 ■ 1, using successive 
approximations. That is, a guess is made for T;]^, then S2 is calculated for chat 
Tj^. If S2 >■ 1 somewhere within che last cycle for that value of T^^, the calcula- 
tion is finished. Otherwise, a better gusss is made for Tj^, che sum S2 is again 
calculated, and so on until the suit S2 ■ 1. 

The program listing is given on Che following pages. 
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PACE OOOt 


FTN4 COMPILcPs HP24177 fSEPT 1974) 


0001 

0002 

0003 

0 00 4 

0005 

0006 

0007 

0008 

0009 

0010 

001 1 
0012 
001 3 
OCl 4 
0015 
001 6 

0017 

0018 

0019 

0020 
0021 
0022 

0023 

0024 
0 02 5 
(.•02 6 

0027 

0028 
0 02 9 
O030 
0 03 1 

0032 

0033 

0034 

0035 

0036 

0037 
0 0 3 8 
(.* 0 3 9 
0 04 0 
0 04: 
0 04 2 
0043 
0 4 4 

0045 

0046 

0047 

0048 

0049 

0050 

0051 
0 052 
0053 
0 054 
00»^ 
OC 4 


FTM4. L 

PROCRAH VCTIR 

C PROGRAM TO CALCULATE MO. OF DRIVING CYCLES AND TOTAL ELAPSED TIflE 
C FOR A SAT'TERY HAVING SPECIFIED BATTERY C:'1,STAHTS> TO BF VEDU*ED T 
C ITS CUTOFF VOLTAGE 

C THE HETHOD USED IS TO DIVIDE EACH CYCLE INTO IN^ERV;^LS Or COMSTAHT 
C AMPERAGE LEVEL AMD CALCULATE THE FOLLOWING SUN OVER ALL CYCLES’ 

C 

C S2 * Al/Il + (A2-A1>/I2 ♦ <A3-A2>/I3 
C 

C WHERE Al,A2iA3/. .AN ARE THE AMPERAGE LEVELS OVER ALL CYCLES 
C AND II. 12. 13/ IN APE THE VALUES OF THE CURRENT FOR WHICH TH:- 
C BATTERY WILL REACH ITS CUU1FF VOLTftGE IN TIME T 1 . T ? . T 3 . . . . T N 
C T1 IS THE TOTAL TIME. IN HOURS. FOR ALL C^’CIES. T2 = T1-(TIMF OU^-h- 
C TION OF LEVEL Al>, T3-T2-CTIMF DURATION OF LEVEL A2) AND TH I 

C THE TIME DURATION OF THE LAST AMPERAGE LEVEL. 

C THE VALUE 0- T1 s*OR WHICH 32*1 IS THE THE3RETICAL TIME FOR THE 
C BATTERY TO REACH ITS CUTOFF VOLTAGE FOR THE SPECIFIED DRIVING 
C CYCLE T1 IS CALCULATED USING SUCCESSIVE A PP RO X I M A T I ON S Cl E . 

C GUESS T1 THEN CALCULATE S2> 

C 

DIMENSION IRMPC5) 

REAL N.!( 

DATA J Y/IHY/, JN/IHM/ 

C DEFAULT BATTERY CONSTANTS 

C E * INITIAL BATTERY VOLTAGE MINUS CUTOFF VOLTAGE (VOLTS) 

C 0 » REFERENCE CAPACITY <AMP-HRS> 

C N = INTERNAL RESISTANCE (OHMS) 

C K * POLARIZATION RESISTANCE (OHMS) 

DATA E/. 900/. Q/215 O/.N/- 004100/. K/ 006600/ 

C SET LOGICAL UNIT NO. FOR I/O TO LOGICAL UNIT NO OF USER'S DEVICE 
CALL RMRARc IRMP ) 

LU»IRMP< 1 ) 

IF (LU EQ.O) LU«1 
WRITE CLU.900 > 

900 FORMAT (/“PROGRAM VCTIR READY?") 

WRITE (LU.902) 

902 FORMAT ("NOTE. WHILE ENTERING CYCLE PARAMETERS YOU MA r*/ 

r " TERMINATE THE PROGRAM BY ENTERING A NEGATIVE NUMBER “/ 

C 

C INPUT DRIVING .E PA" AMETERS 

C DRIVING CYCLE MI.L (’ -SIST OF 3 PARTS. AS FOLLOWS? 

C A> A DISCHARGE GOINi FROM 0 AMPS TO AN AMPS IN TIME TR HRS 

C (It LlilFMR *»?UL IE HPRROXIMnTED BY NINC RL'^IhHGULAR 

C STEPS THE FIRST ANA I AST STEPS WILL Sf AIIIC AMPS IH HFIGH1 

C .'^ND THE MTERVENING STEPS WILL BE AS1EP AMPS IH HEIGHT. <jMLR 

c astep-an/ninc amps and a^hc»a$tep /2 amps the time duration 

C OF EACH STEP IN THt RAMP IS TINC-TR/NINC HRS ) 

C B> A constant discharge (CRUISE) A.IPERhGE lEVEL OF AL ‘iM'-'S FO'- 
C A TINE DURATION OF TDL HRS 

C C> AN OPEN-CIRCUIT PERIOD OF TO HRS 
C 

80 WRITE tlU.910> 

910 FARMA. ("PEAK RAMP DISCHARGE RATE (AMPS): . " 

READ 1 LU. *> AN 
If (AN IT 0) STOP 
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0057 

0058 
0058 
0080 
v081 
0082 

0083 

0084 

0085 
0088 

0087 

0088 
0088 

0070 

0071 
0 07 2 

0073 

0074 

0075 
0078 

0077 

0078 
0078 
0080 
0081 
0062 

0083 

0084 

0085 
0088 

0087 

0088 
0088 
0080 
0081 
0082 

0083 

0084 

0085 
0098 

0087 
0098 

0088 
0100 
0101 
0102 

0103 

0104 

0105 
0108 

0107 

0108 

0109 

0110 
0111 
0112 


PACE 0002 VCTI8 FTH4 COMPILER! HP24177 <8EPT. 1974) 


yRITE (LU.911 > 

911 FORMAT <*LOU (CRUISE) DISCHARGE RATE (AMPS): .*) 

READ (LU<«) AL 
IF (AL.LT.O) STOP 
HRITE (LU.9113) 

9113 FORMAT ("TIME DURATION OF RAMP (SEC): .* ) 

READ (LU<«> TR 
IF (TR.LT.O) STOP 
TR«TR/3800. 

URITE (LU.9118) 

9118 FORMAT CNO. OF STEPS IS RAMP: .* ) 

READ (LU<*> NIHC 
IF (MIMC LT.O) STOP 
URITE (LU.913) 

913 FORMAT CTIHE DURATION AT LOU DISCHARGE (SEC): > 

READ (LU.*) TDL 

IF (TDL. LT.O) STOP 
TDL-TDL/3800. 

URITE (LU<9I4) 

914 FORMAT <*T1N£ DURATION AT OPEN CIRCUIT (SEC): .* ) 

READ (LU«*> TO 

IF (TO. LT.O) STOP 
TO-TO/3400. 

C 

C CHECK IF DEFAULT BATTERY COMSTAHTS TO BE USED 

C 

100 URITE (LU.918) 

818 FORMAT < ‘USE DEFAULT BATTERY COHSTAHTS? Y/H: .* ) 

READ (LU.917) KIH 

917 FORMAT (Al> 

IF (KIN.EQ JY) GOTO 250 
IF (KIH.NE.JN) GOTO 100 
C 

C GET BATTERY CONSTANTS 
C 

URITE (LU<918) 

918 FORMAT (‘DELTA E (VOLTS): _‘ ) 

READ (LU.*> e 

URITE (LU.V20) 

920 FORMAT CO (AHP-HR8)i -‘ ) 

READ (LU.*> 0 
URITE (LU.922) 

922 FORMAT CN (OHMS): .* ) 

READ (LUO N 
URITE (LU.924) 

924 FORMAT ( *K (OHMS ): ) 

READ (LU>») K 
C 

C COMBINE PARANCTCRS FOR EFFICIENCY 
C 

250 F>0*(N«K) 

8>2«N 

C«8»B 

D>0*F/N 

C ASTEP > ANPERA6C DIFFERENTIAL FOR IHTCRNCDIATE STEPS OF RANP 
ASTEPaAS/NINC 
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PrtCE 0003 VCTI? FTN4 COMPILcR; HP24177 ($EPT 1974) 


0113 C AINC * AMPERAGE VALUE FOR FIRST STEP IN RAMP 
0U4 AINC»ASTEP/2 

0U5 C TING » TIME INTERVAL OF EACH STEP OF RAMP (HRS.» 

OtU TIHS^TR/NINC 

0117 C TC * M.ME OF ONE COMPLETE CYCLE <HPS/ 

0118 TC»TRfTDL+TO 

0119 C AD = AMPERAGE DIFFEMENCE BETUEEN CONSTAHT DISCHARGE »CRUISE> 

0 120 C AND LAST STEP OF R«i1P 

0121 AD«AL-AH+AINC 

0 122 C 

0123 C USE SUCCESIVE GUESSES TO FIND THE TOThL TIME AND NO OF CYCLES TO 

0124 C REACH ^HE BATTERY CUTOFF VOLTAGE FIRST. FIND A VALUE OF TIMc, 1. 

0125 C FOR UhlCH S2>1 START UITH THE GUESS T=10 HRS MC = HO OF CYCLES 
012F C IN HRS 

0 12 7 C 

0128 NC^iO./TC 

0129 MC=NC 

0130 C EACH TIME-GUESS. T, WILL ALWAYS BE AT THE END OF THE CRUISF PART 

0131 C OF A CYCLE (SINCE S2 IS HOT A SMOOTH FUNCTION OF T IT SHOULD ALWhYS 

0132 C BE EVALUATED AT THE SAME POINT IN A CYCLE) 

0133 280 T*MC»TC^TR^TDL 

0 134 £2 = SUM(T.NINC.AINC.TINC.A3TEF.AL.AD.E.F.B.C.D T*^,TDL.T0,T:. MCYC • 

0135 C IF :^’»l WE^RE DONE 

013b IF ( S2-1 > 280.400. 300 

0137 280 MC»MC^NC 

0138 GOTO 2b0 
0 13® 

0140 C UE^VE FOUND A T WHICH MAKES S2M. NOW REVERSE DIRECTION AND CREEP 

0141 C UP ON THE VALUE OF T WHiCH MA:\E3 THE SU« = 1 HE MAY MAKE T TOO 

0142 C LARGE DR TOD SMALL AND HAVE TO REVERSE DIRECTION ADDITIOMfU TIMES 

0143 C BEFORE HE GET THERE 
0 14 4 C 

0145 300 NC*-NC 

0148 310 IF MA8S(NC) NE 1) NC»NC/2 

0147 T*T+NC*TC 

0148 C SAVE PREVIOUS CALCULATION OF SUM 

0 14 9 S i ■ S 2 

0150 C CALCULATE NEW VALUE OF SUM 

0 151 S2»SUMi T . NI NC . Al NC . TI NC . AS TEP . Al . A D . E . F . 8 . C . D . T R . T D I . T 0 . T : . MC VC - 

0152 C IF S2>1 WE^RE DONE 

0153 IF ( S2 EQ 1 > GOTO 400 

0154 C CALCULATE SUM FOR ONE LESS CYCLE <SPR£) AND SUM EOR ONE MORE CYCL? 

0155 C <SPOST> 

0158 TPRE-T-TC 

0157 SPRE«>UMt .PRE.HINC. AINC. TINC. ASTEP.AL. 

0158 CAD.E.F.B.C.C.Tk'.TDL.TO.TC.NCYO 

0159 TP0ST-T4TC 

0180 SPDST«SUM(TP0ST.NIMC.AINC.TIHC.ASTEP.AL. 

0181 cad.e.f.b>c.d.tr.:dl.to.tc.ncyc^ 

0182 C IF SPRE AND SPOST ARE ON OPPOSITE SIDES OF ONE 'EITHER IS LESS THAN 

0183 C ONE AND THE OTHER IS GREATER THAN ONE) HE^RE DONE 

ol<.4 .IF (SPRE LT 1 AND SPOST GT I > GOTO 400 

0185 IF (SPRE CT 1 aND SPOST LT I > GOTO 400 

0188 C PREPARE FOR NEXT LOOP IF (l-Sl) AND (1-32) ARE OF OPPOSITE SIGN 

0187 C HE HAVE BRACKETED THE VhLiJE SUM^l AND WE MUST CHANCE T IN THE 

0188 C OPPOSITE DIRECTION 

A-1*A 
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0U9 

0170 

0171 

0172 

0173 

0174 

0175 

0176 

0177 

0178 

0179 

0180 
0181 
0182 
0183 


♦ ♦ MO 


t 





77-29 


PftCE 00*4 VCTia FTM4 COHPILtR! HP24177 <S£PT, 1974) 


IF ( SIGN( i . 1 . -SI > > . EQ SIGN( 1 . /< 1 -S2 > )> GOTO 310 
GOTO 300 

C IF S2 > OR « 1. THE SUN IS EQUAL TO ONE IN THE PRECEDING CVCLE 

400 IF <S2.LT.l . > GOTO 410 
T»T-TC 

C IF T<0. HE REACHED CUTOFF IN THE FIRST CYCLE 
IF (T.LT.O) GOTO 420 
HCYC-NCVC-1 

410 HRITE <LU,960> T,HCYC 

960 FORHAT <*TIHE TO CUTOFF-", F7 . 2, * HOURS, ICYCLES- " , 13/ ) 
GOTO 80 

420 HRITE <LU,962> 

962 FORHAT ("CUTOFF OCCURS IN FIRST CYCLE"/) 

GOTO 80 
END 


ERRORS** PROGRAH ■ 01033 COHNON « 00000 



0184 

0185 
0188 

0187 

0188 

0189 

0190 

0191 

0192 

0193 

0194 

0195 
0198 
019? 

0198 

0199 

0200 
0201 
0202 

0203 

0204 
0 20 5 
0208 
0207 
0208 

0209 

0210 
021 1 
0212 

0213 

0214 

0215 
02 ! 6 

0217 

0218 

0219 

0220 
0221 
0222 

0223 

0224 

0225 
0228 

0227 

0228 

0229 

0230 

0231 

0232 

0233 

0234 

0235 
0238 


♦ • NO 
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PACE 0001 FTN4 COHPILcRJ HP24177 (SEPT. 1 974 ) 


C SUBROUTINE TO EVALUATE SUM 
C 

C SUM s Al/IA (A2-A1>/I2 lA3-A2)/I3 •► . . + N-A< N-1>/IH 

C 

C USING THE FOLLOHING INPUT PARAMETERS: 

C T = TOTAL TIME FOR ALL CYCLES cHRS> 

C NINC « NO. OF STEPS IN RAMP 

C AINC = AMPERAGE LEVEL OF FIRST RAMP STEP (AMPS) 

C TINC « TIME OF EACH STEP IN RAMP (HRS) 

C ASTEP « AMPERAGE DIFFERENTIAL SETUEEN RAMP STEPS (AMPS) 

C AL = CONSTANT DISCHARGE RATE Al CRUISE (AMPS) 

C AD « AMPERAGE DIFFERENCE BETUEEH CRUISE DISCHARGE RATE AND LAST 
C STEP OF RAMP (AMPS) 

C E a BATTERY INITIAL VOLTAGE MINUS CUTOFF VOLTAGE ^VOLTS) 

C F » > 

C e a 2*N 

C C « S*B 

C Da Q^£/H 

C TR a TIME DURATION OF RAMP (HRS) 

C TDL a time DURATION OF CONSTANT DISCHARGE (CRUISE) (HRS) 

C TO a TIME DURATION OF OPEN CIRCUIT (HRS) 

C TC = TIME DURATION OF ONE CYCLE (HRS) 

C AND PRODUCING THE FOLLOWING OUT^'UT PARAMETERS: 

C SUM a SUM SHOWN ABOVE 
C NCYC « NO. OF CYCLES IN TIME T 
C 

FUNCTION SUM ( T / N I N C , A I NC . T I N C . AS T EP , A L , 
cad,EiF,b,C/D,tr.tdl.to.tc.ncy:) 

U»T 

SUMaO . 

SN«0 . 

NCYC-0 

C LOOP UNTIL U IS < OR a 0 
C SR a TERM FOR FIRST STEP OF RAMP 
too SRaAINC/EX(U,E.F,SiC/D> 

IF (NINC . LE . I ) GOTO 200 
C LOOP THROUGH STEPS OF RAMP 
DO 200 NNal,NINC-l 
U«U-TINC 

C SR a SUM OF TERMS FOR FIRST NH>1 STEPS OF RAMP 
SRaSR+ASTEP/EX(U,E. F. B. C.D ) 

200 CONTINUE 

UaT-(NCYC»TC^TR> 

C ADD PREVIOUSLY-CALCULATED TERMS PLUS TERM FOR CRUISE PART OF CYCLE 
SUMaSUH^SN^SR4AD/*EX(U.E. F. B. C .D ) 

1/ (U.LE.TC) RETURN 
U-U-TDL 

C CALCULATE TERM FOR OPEN CIRCUIT PART OF CYCLE 
SN«-AL/EX(U.EiF^B«C.D) 

HCYC-NCYC^l 
UaU-TO 
GOTO 100 
END 


ERRORS**^ PROGRAM > 00197 COMMON « 00000 
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PftCE C'OOl FTN4 COMORcR: HP241 77 (SEPT 1974) 


0237 

C 

SUBROUTINE TO CALCULATE CUTOFF VOLTAGE 

FOR 

GIVEN TINE. 

0238 

C 

INPUT PARAHETERSi 



0239 

C 

T » TINE FOR WHICH CUTOFF VOLTAGE IS 

TO 

BE CALCULATED 

0240 

C 

E » SfiTTESY INITIAL VOLTAGE MINUS CUTOFF 

VOLTAGE < VOL 

0241 

C 

F * q*<n*k: > 



0242 

C 

6 « 2*H 



0243 

C 

C > B*B 



0244 

C 

D * e*E7N 



0245 

c 

OUTPUT PARAHETERJ 



024e 

c 

EX » CALCULATED CUTOFF VOLTAGE 



0247 

c 




0248 


FUNCTION EX<T/E/F/B.C/D) 



0249 


X»E*T+F 



0250 


EX*X/< B*T ) + SCRT< (X*X>/< C*T*T )-D/T > 



0251 


RETURN 



0252 


END 



♦ ♦ NO 

ERRORS** PROGRAH « 00087 COHNON 

s 00000 
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APPENDIX \-2 


Diagram of Automatic Charge-Discharge Controller and 
Data Processing System 

Diagram of Test Layout 

Program Listing for Driving Cycle Simulation 
Tests — "BTEST" 
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DIODE LOADS 
(1-4) 


J52 


J72 

J54 


J73 

J55 


J74 

J57 

L J 

* (4) 

J75 


(5) 

J76 


DIODE LOAD 
SWITCHING RELAYS 
(1-5) 


— • 117 Vac 60 Hz 
|J64 , , 
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BE LOGIC CIRCUIT 

Uys card, alarm 

io, EVENT SENSE 






J279 



J280 

rn Tft K 


J281 

ANY OF TEMP. TRANSDUCER \ 


J282 

400 CHANNELS READ CHANNELS / 


J283 

INPUTS ^ 


J284 



J285 



J286 



J287 



J288 


GO TO > 

ANY OF CURRENT SHUNT READ 

400 CHANNEL CHANNELS 

INPUTS v' V 

— *^S2A (^7V-i2i2— 

SUPPLY 

+24 V TO EXTJ^ J/fel 
RELAY BOX ' 

(+ BATT 6-10) ^ ^ J25 

(+ BATT 1-5) * * J25 

(• BATT 1-5) ^ ^ J25 

(- BATT 6-10) J25 


JUNCTION 

BOX 


BATT CR 
F,ATT OR 
BATT OR 
BATT OR 
BATT OR 
BATT OR 
BATT OR 
BATT OR 
BATT OR 
BATl OR 


CELL, 

CELL, 

CELL, 

CELL. 

CELL, 

CELL, 

CELL, 

CELL, 

CELL, 

CELL, 


TESTER No. 1 
TESTER No. 2 
TESTER No. 3 
TESTER No. 4 
TESTER No. 5 
TESTER No. 6 
TESTER No. 7 
TESTER No. 8 
TESTER No. 9 
TESTER No. 10 


10 LOWER 
1 mA SUPPLY 
OUTPUTS 


(TESTER) 

1 


(1 tnA SUPPLY 1-10) ^ . 

/PS 2A + 24 V SIGNAL TO CHANNEL "0"-49)" 

( «♦ « •• » » 50 - 99 ) 

( » »' H M II 100-149) 

( » " » » » 150*199) 

( 200-249- 
250-299- 
300-349- 
350-399- 





HP 2911A 
CROSS BAR 
SCANNER 

13 CABLES \ 
J163-J175 / 

CROSS BAR CHANNEL 
EXPANDER 


+24 V PS2A 
TO EXT. 

RELAY BOX 
ON TESTERS 1-10 


400 VOLTAGE 
READ 
CHANNELS 
(3 WIRE) 


INPUTS 


SYSTEM CABLING DIAGRAM 


AUTOMATIC CHARGE-DISCHARGE CONTROLLER AND DATA PROCESSING SYSTEM 


A-2.1/A-2.2 
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FTN4/L 

PROGRAM BTEST 
C PROGRAM NAME: BTEST 

C PROGRAMMER: A. M. PHILLIPS 

C DATE J MARCH 14. 1977 

C PURPOSE: PERFORMS SIMULATED DRIVING CYCLE CURRENT PROFILES 

C ON A LEAD-ACID BATTERY 

C 

C PROGRAM CONTROL PARAMETERS ARE OPERATOR INPUTS INTO ARRAY I AR TO 

C VARY PROGRAM EXECUTION SO THAT CURRENT AND TIMES SIMULATE SCHE- 

C DULES 6. C/ OR D . 

C 

DIMENSION IDATAC 3>. IAR< 6 )> ITME( 5). lYEARC 1 >. VLIM( 1 > 

C 

C IDATA lA A THREE WORD DATA AND CONTROL BUFFER FOR THE SYSTEM 

C MULTIPROGRAMMER( DIGITAL I/O SUBSYSTEM). 

C 

c 

C IARM>3 lO-MILLISECONDS IN FIRST WAIT 

C IAR<2>>^ lO-MILLISECONDS IN INCREMENT DELAY( ACCELERATI OH LOOP) 

C IAR(?>s OCTAL WORD THAT CONTROLS PEAK AMPS IN ACCELERATION 

C IARi4:<a OCTAL WORD THAT CONTROLS CRUISE AMPS 

C IAR<5>» lO-MILLISECONDS TO WAIT IN CRUISE 

C IARib>* lO-MILLISECONDS TO WAIT 9EF0RE REPEAT OF CYCLE 

C 

C ITME IS AN ARRAY TO COH'I’AIN VALUES RETURNED FROM THE SYSTEM CLOCK 

C 

K IPACE»0 

C INITIALIZE PAGE COUNTER 

LINE*0 

C INITIALIZE LINE COUNTER 
IC«0 

C INITIALIZE CY?LE COUNTER 

VLIM-0 .0 

C INITIALIZE STORAGE FOR LOWER VOLTAGE LIMIT VALUE 

IDATA< 1 )«170041B 

C CONTROL WORD TO ENABLE E941S MUL T I PR OG R AM HE R EXTENDER 
IDATA(2>«030031B 

C DATA WORD FOR RESISTANCE OUTPUT CARD IN SL0Tt4O3 OF THE S9418 

IDATA< 3>»0 

C DATA WORD FOR RELAY OUTPUT CARD IN $L0Ti400 OF THE E9418 

IC0DE>11 

C SPECIFY TIME REQUEST FOR EXEC CALL PARAMETER ICODE 

ICNWD-107B 

C SPECIFY DE^MCE REFERENCE NUMBER FOR 6941B AND TYPE OF DATA 

C TRANSFER 

MO?^^D 

C IH;T1AL;ZE LOCRflOH TO COL’TAIN MONTH OF YEAR 

IWD»3044P 

C S^^ECIFv DVM/bCANNE.^ ANftLOC TO DIGITAL SUBSTSTEM CONTROL 

WORD. ^044B^ 27MSEC0NDS DELAY tOVDC RANGE. 

NCH»t 

C VOLTAGE HEC/iUREMFNT CHANNEL IS 1 

C 8ATTERY VOLTAGE AT OR SELOU LlillT FLAG 

CALL. EXECaCOOE/ ITME. IVEAR > llliCftMAL PAGE » rOMU 

C REQUEST TIME ANO YEAR ^ 

KOAYalTME(S) 

CALL OATEOCOAY.NON > 

C PASS JULIAN OAY TO SUOROUTINE TO RETURN MONTH AND DATE 
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i MRITE 10. 1000 )HON, KDAY. lYEOR 

r C OUTPUT MONTH. DATE. YEOR TO SYSTEM LOG DEVICE AND IDENTIFY PROG 

I 1000 F0RHAT121 12. ■/« ). I4.5X. ‘OSIVIHC CYCLE SIMULATION TEST"//) 

f too HRITE< 10. 1003 ) 

' 1005 FORMAT< ‘BATTERY CUTOFF VOLTAGE? 

I READ< 10. * >VLIM 

I C GET BATTERY VOLTAGE LIMIT FRuM TEST OPERAUft 

; 105 HRITEC 10. 1010 ) 

1010 FORMATY "EMTER : ARRAY POS I T ION . ARR A Y VALUE ‘’tN 0 TO STf^-T, 9^ TO 
; * DISPLAY ARRAY VALUES. OR -1 TO EXIT"^ 

110 REAOUO. * >1 . 1 1 

‘ C GET PROGRAM PARAMETERS AND/OR OPERATOR COMMANDS 

i IF( I >900. 200. 1 IS 

115 IF( I HE. 99> GO TO 140 

DO 130 K<t.G 

I IFY(K.EQ.3> OR. (K.EQ.4>> GO TO 120 

• C DISPLAY ARRAY VALUES IH DECIMAL INTEGER FORMAT. EXCEPT DISPLAY 

! C ROU 3 AND 4 VALUES IH OCTAL INTEGER FORMAT 

WRITE< 10. 1020 >K. IAR(K > 

1020 FORMATCIARC. 12." >■ “.U) 

GO TO 130 

120 WRITE! 10. 1030 >K. IARlK > 

1030 FORMAH'IAR!*. I2.“ >» ‘.K6> 

130 CONTINUE 

140 IAR<I>«II 

GO TO 110 

200 CALL EX£C( ICODC. ITME> 

C TINE REOUEST 

IHR"ITNE< 4 > 

IMN-ITNE! 3> 

ISC»ITNEY 2> 

IC=IC*1 

CALL MEAS<V.IUD.NCH.1ST> 

C CALL ROUTINE TO TAKE A VOLTAGE MEASUREMENT ON THE 232vA A/D 

!F< 1ST HE .O > CO TO 850 
LINE-LINE«1 

C INCREMENT LINE COUNTER 

IF! IPAGE EQ .0) GO TO 205 
C TEST F0.0 FIRST PAGE CONDITION 

202 IF!LINE.LT.GO> GO TO 210 

C TEST FOR LAST LINE ON PAGE 

VRl TE! 10. 1035 > 

1033 FORMAT!//////) 

205 IPAGE-IPACE^l 

WRITE! 10. 1037)N0N.KDAY. lYEAR. IPAGE 

1037 F0RMAT!2< 12. •/* >. I4.5X. ‘DRIVIMG CYCLE SIMULATION TEST. PACE#‘.14/> 

i WRITE! 10. 103B) 

1038 FORMAT!' TINE CYCLE SO. A V E O.A V E 0 C V ' / > 

LINE-5 

210 WRITE! 10. 1040 >IHR. INN. ISC. IC.V 

10^0 FORMATl 13.2! * I 12 ).3X. I3.5X.F8 3. •-• ) 

1DATA!3>-1 

C DATA TO RELAY OUTPUT CARD!CL0SES CONTACTOR) 

CALL EXEC!2. ICHWD. IDATA. 3. 2 > 

C TRANSFER DATA TO G941B 

CALL WAIT! lAR! 1 ).0. lERR) 

C CALL ROUTINE TO DELAY EXECUTION OF PROGRAM 

IF! lERR. CT. 1 > GO TO 680 
220 IDATA!2)>IDATA!2)«1 

IF! IDATA!2>.E0.IAR!3)) CO TO 300 
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c c c 


TEST FOS HfliXINUM RESISTAHCT OUTPUT «T END OF flCCELERATIOU 
CftLL EXECf2,ICH«D/ lOftTA- 3, i) 

CALL WAI T< I ART 2>/0. lERR > 

IF< lERR. CT. I > GO TO 889 
GO TO 229 

CALL «EAS(V , IWO, HCH, 1ST > 

IF< 1ST NE 0 ) CO TO 850 
IFf V LE VLIM> IFLAC = 1 

TEST FOS VOLTAGE LIHIT CONOITIOH AT END OF ACCELERATION 
WRI TE< 1‘9 , 1059 >V 
F0RHATf2X/F8 3, "_* ) 

IDkTA( 2>-IAR(. 4 > 

•■a:a to resistance output card for cruise current 

C(>LL EXECC 2, ICNWD, IDATA, 3. 1 > 

VRAHS'^ER DATA TO 69418 
CALL WaIT(IAR(5>,9, IERR) 
if- IERR GT. I ) CO TO 889 
CAi.L NEAS( V , IWD, NCN, 1ST ) 

IF< 1ST HE .9 ) GO TO 859 
WRITER 19. 1969 )V 
FORMATS 2X,F8. 3 ) 

IOATA< 2>«939931B ^ 

C'ftTA TO RELAY OUTPUT CARO< OPENS CONTACTOR) 

CALL EXEC<2f ICNUO, IDATAf 3. 1 ) 

TRANSFER DATA TO €9418 
CALL «AIT< IAR(€),0, IERR > 

IF< IERR. GT. 1 > CO TO 880 
IF< JFLAG >330/ 340 
TEST VOLTAGE LIHIT FLAG 
I*IFBRK< IHY ) 

TEST FOR OPERATOR INTERRUPT REQUEST 
!F< I )lOi 200 

IF I NEGATIVE THEN INTERRUPT REQUESTED 
LINE«LINE'^1 

IF<LINE LT 60) GO > 350 
URI TE< 10, loss > 

FORHAT* ////// ) 

URI TEv 10, 1070 > 

FORHAT<*EOA VOLTAGE IS LESS THAN OR EQUAL TO VOLTAGE LIHII 
<i»««**TE$T STOr'PED**^*^* ) 

LINC*( SS-LINE >/2 
DO 3S0 I>liLINE 
yRITE< 10, 1080 > 

FORHATC/ > 

CONTINUE 
GO TO 900 
NR1TE( 10, 1100) 

FORHATCDVH SU8SYSTEH £RROR^******TEST ABORTED****- ) 

GO TO 890 
MRITC< 10, 1110) 

FORHATCISA WAIT ROUTINE ERROR****TEST ABORTED****-) 

NEXT THREE LINES ARE A SEQUENCE TO STOP THE TEST 
IOATA( 2>>939931B 
IDATA( 3>«9 

CALL EXEC<R.ICHHO, IDATA.3. 1> 

STOP 

ENQ 

CCCCCCCCCCCCCCCLCCCCCCCCCCCCC 
SUBROUTINE OATE( KOAV , NONTN > 
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DIHENSION HT< 12> 

MT( 1 >>31 
HT(2)>28 
HT(3)>31 
HT(4)>39 
MT( S )>31 
NT(«>>3» 

HT<7)>31 
HT(8 )>31 
«T<9)>30 
MT< 10>>31 
HT<11>>39 
MT< !2>>31 

19 IF<KDAY)99.99.29 
29 frO 39 K>i.l2 

IF(KOAY-HT(IO>49<49,39 
39 K9AY-KDAY-HT<K) 

49 HONTH>K 
RETURN 

99 URITEt 19. 199> 

199 FORHAT<*OATE ERROR") 

RETURN 

ENO 

CGCCCCCCCCCCCCCCCCCC2CCGCCCCCCCC 
SUBROUTINE NCAS< DTA . I UO . NCH. 1 ST > 

OINENSION I8F(3>.IR6<2> 

EQUIVALENCEGREG. IRC . I A > . ( I RC< 2 ) . 1 8 ). < OAT. 18F( 1 > ) . < J F. I OF( 3 ) ) 



OTA- DATA TO TNE CALLING PROGRAM 

lUO- 2329A SU8SYSTEN CONTROL UORO FROM THE CALLING PROGRAM 
NCH- SCANNER CHANNEL NO. FROM CALLING PROGRAM 
1ST- STATUS INFONATION FOR THE CALLING PROGRAM 

9>0K. 1>00HN. 2-8USY, 3«OVERLOAO. 4«TRANSMI SSI ON ERROR 
I8F- SUFFER FOR 8C0 OATA 9ETURNEO TO THIS PROGRAM 8Y 0VR76 
8G0 OATA FORMAT FOLLOUS- 
I8F< 1 >• 04 03 02 01 
I8F<2>> R F OS OS 
I8F<3> F 

IRC- SUFFER TO CONTAIN A- ANO 8- REGISTER RETURNS 
FOLLOUING EXEC CALL HITN ICOOE-l 
IET5>9 
IET4>9 

CLEAR STORAGE FOR 0$I COT UOROS S AND 4 
JU»>149999B 

JUO IS AN 'ANO NASK' FOR 081 COT UORO S 
CALL EXEC(13.9.IETS.IET4> 

GET OEVICE STATUS HITN THIS CALL 
IF( IANO< lETS. JU0>>49. 19.39 

ARC BITS IS ANO 14 OF 081 CRT UORO S >9. >1. OR >>2 7 
9>RCA0Y. 1>00UN. 2>BUSY( IN OPERATION) 

9 IF<NCN.CT.199) NCN>NCN-299 

RC6-CXEC( 1.9. IBF.3.NCN. ISO) 

TAKE A NCA8URENENT 
lCOOC-1 RCAO RC8UC8T 
lORT >9. 081 LU8 
IF( IANO( lA.JVO >>49.29.39 
29 IFdB.CO.O) GO TO S9 
C IB'9 MEANS TNAT NO OATA UAS TRAN8NITTC0 

IF(4F.C0.9> 60 TO 89 
C 4F>9 MEANS 'OVCRLOAO' 
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DT<!i«CONV<. DAT > 

BCD TO FLOATING POINT CONVERSION ROUTINE 
IST«0 

SET Hv STATUS CODE TO 'OK' 

RETURN 
30 IST-1 

SET HY STATUS CODE TO 'DOWN' 

CO TO 70 
40 IST-2 

SET «Y STATt" CODE TO 'BUSY' 

GO TO 70 
5v IST«4 

SET NY STATUS CODE TO 'TRANSMISSION ERROR' 
GO TO 70 
40 IST-3 

SET MY STATUS CODE TO 'OVERLOAD' 

70 DTA*0 0 

ERROR RETURN PATH FOR 'NO DATA' 

END 

ENDf 
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APPENDIX A- 3 

• Voltage Printout for Schedule "B" 

• Vol tage Printout for Schedule "C" 

• Voltage Printout for Schedule "D" 


No te; 


SOAV » Voltage at 
EOAV ■ Voltage at 
EOCV ■ Voltage at 


Start of Acceleration Period, Volte 
End of Acceleration Period, Volts 
End of Open Circuit Period, Volts 
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SCHEDULE B 

3/30/1977 DRIVING CYCLE SIMULATION TEST, PAGE# I 


TIME 

CYCLE 

S.O.A.V. 

E.O.A.V. 

E.O.C.V 

9*29149 

1 

6.879 

6.258 

6.341 

9*31* 4 

2 

6.524 

6.046 

6.234 

9*32* 15 

3 

6.447 

6.023 

6.224 

9*33*27 

4 

6.439 

6.021 

6.223 

9*34*33 

_) 

6.436 

6.021 

6.222 

9*35*33 

6 

6.454 

6.020 

6.222 

9*37* 1 

/ 

6.433 

6.019 

6. 221 

9*38* 12 

3 

6.431 

6.019 

6. 221 

9*39*24 

9 

6.430 

6.019 

6.221 

9*40*35 

10 

6.428 

6.01 8 

6.220 

9*41 *4/ 

1 1 

6.427 

6.01 7 

6.219 

9*42* 56 

12 

6.426 

6.01 7 

6.219 

9*44: 9 

13 

6.424 

6.01 6 

6.218 

9*45*21 

14 

6.423 

6.016 

6.217 

9*46*32 

15 

6.421 

6.015 

6.217 

9*47* 44 

16 

6.420 

6.014 

6.216 

9*48*55 

17 

6.418 

6.013 

6.215 

9*50* 6 

16 

6.41 7 

6.012 

6.214 

9*5 1 » 1 .4 

19 

6.41 5 

6.012 

6.213 

9*52*29 

20 

6.41 4 

6.011 

6.213 

9*53*41 

21 

6.412 

6.010 

6.212 

9*54*52 

22 

6.41 1 

6.009 

6.21 1 

9*56* 3 

23 

6.409 

6.008 

6.210 

9*57* l5 

24 

6.408 

6.007 

6.209 

9*58*26 

25 

6.406 

6.006 

6.208 

9*59*38 

26 

6. 405 

6.005 

6.207 

10* 0*49 

27 

6.403 

6.004 

6.206 

10* 2* 1 

23 

6.401 

6.003 

6.204 

10* 3*12 

29 

6. 4'^0 

6.002 

6.203 

1/J* 4*23 

3.-; 

6.3.99 

6.001 

6.202 

I0* 5*3j 

31 

6.397 

6.0 10 

6.201 

]'jt 6*46 

32 

6.396 

5.9,99 

6.200 

1 j* 7*3/ 

33 

6.394 

5.997 

6.199 

|J* 9* 9 


6.392 

5. 996 

6.198 

10*10*20 

35 

6.391 

5.995 

6.197 

10*11*32 

33 

6.389 

5,994 

6.195 

1 J * 1 2 * 43 

3/ 

6.388 

5.993 

6.194 

10*13*5j 

3o 

6.386 

5.992 

6.193 

10*15* 0 

39 

6.384 

5.990 

6.192 

10*16*1 7 

4 J 

6.383 

5.989 

6.190 

10*17*29 

41 

6.381 

5.988 

6.189 

1 1*18*40 

42 

6.380 

5.986 

6. 1R8 

1 J*19*52 

43 

6.376 

5.985 

6. 187 

10*21* 3 

44 

6.377 

5.983 

6. 185 

1 0*22*14 

45 

6.375 

3.982 

6.184 

1 0*23*26 

46 

6.374 

5.981 

6. 182 

1 0*24*3 / 

47 

6.372 

5.980 

6. 181 

1 0*25*49 

43 

6.370 

5.978 

6.130 

10*27* 0 

49 

6.368 

5.977 

6.178 

1 0*28* 1 1 

5J 

6.367 

5.976 

6.177 

10*29*23 

51 

6.365 

5.974 

6.176 

10*30*34 

52 

6. 364 

5.973 

6.174 

10*31*46 

53 

6.362 

5.971 

6.173 

10*32*57 

54 

6.361 

5.970 

6.172 

10*34* 8 

55 

6.359 

5.969 

6. 170 
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SCHEDULE B (contd) 


3/3,4/1977 DHI/ING CYCLE SIMULATION TEST, PAGE# 2 


TIME 

CVCLE 

1 0135120 

56 

10*36131 

57 

1 0*37*43 

5d 

1 ,^*38*54 

5y 

1 :)*40* 6 

6 J 

10*41* 17 

ol 

10*42*23 

62 

1 0*43* 40 

6J 

1 0*44*51 

64 

I 0 * 46 * 3 

65 

10*47* 14 

66 

1 3*48*25 

6/ 

1 •y*4y*3 / 

6.3 

1 *50*43 

6^ 

I0*'j2* 0 

7 J 

1 J*53* I 1 

71 

1 0*54*22 

72 

1 J*35*34 

73 

1 0*56*4j 

74 

1 >*57!j7 


|3*‘39* 8 

7 3 

I 1 * 0*19 

7/ 

II* 1*31 

7J 

I 1 » 2*42 

7y 

1 1 * 3* d4 

bo 

1 1 * 5* 5 

81 

1 1 * 6*16 

32 

I 1 * 7*23 

83 

1 1 * 8*39 

84 

I 1 * 9*51 

8‘J 

11*11* 2 

56 

1 1 *12* l3 

3/ 

1 1 * 1 3*25 

:8 

i 1 * 1 4*36 

lU 

11*1 5*4.5 

y 

11*1 6*d9 

y| 

11*18*10 

92 

1 1 *1 9*22 

93 

1 1 *20*33 

94 

11*21 *45 

9‘j 

1 ' *22*56 

9 ) 

1 1 *24* 3 

9/ 

1 1 *25* 1 9 

93 

1 1 *26*3 / 

99 

1 1 *27*42 


1 1 *28*53 

131 

1 1 *3/>* j 

lv/2 

1 1 * 3 1 * 1 5 

1 

1 1 *32*27 

1 34 

1 1 *03*39 

! vJ j 

1 1 *34*50 

1 ir:) 5 

11*36* 2 

li^7 

1 1 *37* 1-3 

108 

1 1 *38*24 

109 

1 1 * 39*36 

1 10 


S.O.A.V. 

6.357 

6.355 

6.354 

6.352 

6.351 

6.349 

6.348 

6.346 

6,344 

6.343 

6.341 

6. 339 

6.338 

6.336 

6.334 

6.333 

6.331 

6. 330 

6.328 

6.326 

6.325 

6.323 

6.321 

6.320 

6.318 

6.316 

6.315 

6.313 

6.312 

6.310 

6.308 

6.3o7 

6.3J5 

6.303 

6. 302 

6»3'"(o 

6.298 

6.297 

6.295 

6.293 

6.292 

6.290 

6.289 

6.287 

6.285 

6.284 

6.282 

6.280 

6.279 

6,217 

6.276 

6.274 

6.272 

6.270 

6.269 


E.O.A.V. 

5.967 

5.966 

5.965 

5.963 

5.962 

5. 9o0 

5.9j9 

5.957 

5.956 

5. 954 

5.953 

5.951 

5.950 

5.948 

5.947 

5.946 

5.944 

5.942 

5.941 

•j. 9415 

5.938 

5.937 

5.935 

5.933 

5.932 

5.930 

5.928 

5.928 

5.926 

5.924 

5.923 

5.922 

5.920 

5.91 9 

5.917 

5.915 

5.91 4 

5.912 

5.91 1 

5.909 

5.907 

5.906 

5.905 

5.903 

5.941 

5.9 )0 

5.898 

d.397 

5. 895 

5.394 

5.892 

5.891 

5.88V 

5.887 

5.885 


E.O.C.V. 

6. 169 
6. 167 
6. 166 
6.165 
6.164 
6.162 
6. 1 60 
6. 159 
6.158 
6.156 
6.155 
6.153 
6.152 
6.150 
6. 149 
6.147 
6.146 
6. 1 44 
6. 143 
6.141 
6.140 
6. I 33 
6.137 
6.135 
6.134 
6.132 
6.131 
6.130 
6.128 
6.127 
6.125 
6.124 
6.122 
6.121 
6.119 
6. 118 
6. 116 
6. 115 
6. 113 
6 . 112 
6.110 
6.109 
6.107 
6. 105 
6.104 
6. 1 03 
6 . 1 01 
6.1 10 
6.098 
6.097 
6.095 
6.093 

6.092 
6.090 
6.089 
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3/30/1 977 DR 


TIME CYCLE 


12 

*46 

15 

1 66 

12 

*47 

26 

167 

12 

*48 

38 

168 

12 

*49 

49 

1 69 

12 

*51 

2/ 

170 

12 

* j 2 

12 

1 71 

12 

*53 

23 

172 

12 

* j4 


173 

12 

*:35 

46 

174 

12 

*56 

Dd 

173 

12 

*58 

9 

176 

12 

*39 

2J 

1 7/ 

13 

* J 

32 

173 

1 o 

: 1 

43 

179 

13 

* 2 

55 

18 ) 

13 

* 4 

6 

181 

13 

* 5 

17 

162 

13 

* 6 

29 

1 83 

13 

* 7 

A/j 

184 

13 

* 8 

52 

1 85 

13 

* 1 ■/} 

3 

18.'. 

13 

* 1 1 

1 4 

1 8 1 

1 3 

*12 

26 

1 83 

1 3 

*13 

37 

1 39 

13 

*14 

49 

19 'J 

13 

*16 

3 

191 

13 

*17 

1 1 

192 

13 

*18 

23 

193 

13 

*19 

34 

194 

13 

*20 

46 

195 

13 

*21 

5/ 

1 96 

13 

*23 

3 

197 

13 

*24 

2iJ 

198 

1 d 

*25 

31 

1 99 

13 

*26 

43 

2-'J 

1 o 

*,!7 

54 

2wl 

1 3 

* 2V 

6 

2j2 

13 

*30 

17 

2'j3 

13 

*31 

28 

204 

13 

*32 

40 

205 

1 3 

*,U 

51 

206 

13 

*35 

3 

2j/ 

13 

*3o 

14 

208 

13 

*37 

25 

2o9 

1 3 

*3o 

37 

2 \ i 

13 

*39 

48 

2 1 1 

13 

*41 

'.) 

212 

13 

*42 

1 1 

213 

13 

*43 

22 

214 

13 

*.14 

34 

21 J 

13 

*45 

A'j 

21 .) 

13 

*46 

57 

217 

13 

*43 

3 

*218 

13 

*49 

19 

219 

13 

*:>0 

31 

224 


SCHEDULE E 


CYCLE SIMULATION 


S.O.A.V. 

E.O.A.V, 

6.178 

5.793 

6.176 

5.791 

6.175 

5.790 

6.173 

5.788 

6.172 

5.786 

6.170 

5.734 

6.166 

5.783 

6. 167 

5. /81 

6.165 

5.779 

6.164 

5.778 

6. 162 

5.776 

6.160 

5.774 

6. 159 

5.772 

6.157 

5.770 

6.135 

5.769 

6.154 

5.766 

6.152 

5.765 

6. 1513 

5.762 

6.149 

5.761 

6.147 

5.7u9 

6.145 

5.757 

6. 1 44 

5. 7 '.>5 

6.142 

5.754 

6. 141 

5.782 

6.139 

5.750 

6.137 

5.748 

6.136 

5.747 

6.134 

5.742 

6.132 

5.742 

6. 131 

5.740 

6.129 

5.738 

6.127 

5.737 

6.126 

5.734 

6.124 

5.732 

6.123 

5.731 

<S. 121 

5.729 

6.119 

3.726 

6. 1 1 7 

5.725 

6. 11 6 

5.723 

6. 1 1 4 

5.721 

6.113 

5.719 

6.111 

5.716 

6. 109 

5.715 

6.108 

5.713 

6.106 

5.71 1 

6.104 

5.709 

6.103 

5.707 

6,101 

5.7yb 

6.099 

5.703 

6.090 

5.702 

6.096 

3.699 

6.094 

5.696 

6.092 

5.694 

6.091 

5.691 

6.009 

5.689 


(contd) 


TEST, PAGE# 4 

E.O.C.V, 

6.001 

5.999 

5.998 

5.996 

5.994 

5.993 

5.991 

5.939 

5. 938 
5.986 
5.985 
5.983 
5.981 
5.980 
5.978 
5.976 
5.975 
5.973 
5.972 
5.970 
5.968 
5.966 
5.964 
5.963 
5.961 
5.960 
5.958 
5.956 
5.954 
5.953 
5.951 
5.949 
5.948 
5.946 
5.944 
5.943 
5.941 

5.939 
5.937 
5.935 
5.933 
5.932 
5.930 
5.923 
5.926 
5.925 
5.923 
5.921 
5.920 
5.918 
5.916 
5.913 
5.91 1 
5.909 
5.907 
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I 

; I 

I SCHEDULE B (contd) 

1 3/3H/I977 DRIVING CYCLE SIMULATION TEST, PAGE# 5 


TIME 

CYCLE 

S.O.A.V. 

E.O.A.V. 

E.O.C.V, 

13151 *42 

221 

6.087 

5.687 

5.905 

1 3 * 52 * 54 

222 

6.086 

5.685 

5.904 

13*54* 5 

223 

6.084 

5.683 

5.902 

13*55*17 

224 

6.082 

5.681 

5.900 

13*56*23 

225 

6.081 

5.677 

5.898 

13*57*39 

226 

6.079 

5.677 

5'. 396 

1 3 *5d* 5 1 

22/ 

6.077 

5.674 

5.894 

14* D* 2 

22 3 

6.075 

5.672 

5.893 

14* 1*14 

229 

6.074 

5.670 

5.891 

14* 2*23 

233 

6.072 

5.668 

5. 889 

14* 3*36 

231 

6.070 

5.665 

5.887 

141 4*48 

232 

6.068 

5.663 

5.385 

14* 5*59 

233 

6.067 

5. 661 

5.883 

14* 7*11 

234 

6.065 

5.659 

5. 381 

14* 8*22 

235 

6.063 

5.656 

5.879 

14* 9*33 

236 

6.061 

5.654 

5.877 

1 4* 1 ei* 45 

23 7 

6.060 

5.652 

5.375 

14*11*56 

233 

6.058 

5.650 

5.373 

14*13* 8 

239 

6.056 

3.647 

5.872 

14*14* 19 

243 

6.055 

5 . 645 

5.373 

14*15*31 

241 

6.053 

5.643 

5.368 

14*16*42 

242 

6,051 

5.640 

5.866 

14*17*53 

243 

6.049 

5.638 

5.864 

1 4 * 1 9 * 5 

244 

6.047 

5.635 

5.362 

14*30* 1 6 

24j 

6.046 

5.633 

5.864 

14*31 *23 

240 

6.044 

5.631 

5.858 

14*22*39 

247 

6.042 

5.629 

5.856 

14*23*53 

248 

6.040 

5.626 

5.854 

14*25* 2 

249 

6.039 

5.624 

5.85i 

14*26* 13 

253 

6.037 

5.621 

5.849 

14*27*25 

251 

6.035 

5.61 9 

5.847 

14*23*36 

252 

6.033 

5.61 6 

5.845 

14*29*47 

253 

6.032 

5.61 4 

5.843 

1 4*3k3*59 

254 

6.030 

5.611 

5.841 

14*32* iJ 

25-j 

6.028 

5.6^9 

5 . 339 

14*33*22 

25o 

6.026 

5.636 

5. 337 

1 4*34*33 

2d 7 

6.024 

d.6^4 

5.335 

14*35*44 

2D-i 

6.023 

3 . 6 1 

5.832 

1 4*36*56 

259 

6.021 

5.598 

5.831 

14*38* / 

263 

6.019 

5.596 

5.329 

14*39* 19 

261 

6.01 7 

5.594 

5.827 

14*40* 

262 

6.01 5 

5.591 

5.324 

14*41*42 

263 

6. Ml 3 

5.538 

5.321 

14*42*53 

261 

6. 0l 2 

5. 584 

5.319 

14*14* 4 

265 

6.010 

5.582 

5.816 

14*45* 16 

260 

6.008 

5,579 

5.814 

14*46*27 

26/ 

6.006 

5.576 

5.311 

14*47*39 

263 

6. ':'04 

5.5/3 

5.309 

1 4*48*5 J 

269 

6.002 

5.570 

5.307 

14*53* 1 

2/3 

6.O'10 

5.567 

5.805 

14*51 * 13 

271 

5.998 

5.565 

5.303 

14*j2*24 

272 

5.996 

5.562 

5.840 

1 4*53*30 

273 

5.994 

5.5d9 

5.798 

14*j4*47 

274 

5.992 

5,556 

5.796 

14*55*58 

27d 

5.990 

5.553 

5.793 
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SCHEDULE B (contd) 

i/3^/\^n DRIVING CYCLE SIMULATION TEST, PAGE# 6 


TIME 

CYCLE 

S.O.A.V. 

E.O.A.V. 

E.O.C.V 

1 4 t D 7 * 1 

276 

5.988 

5.550 

5.791 

I4*S8«2I 

277 

5.987 

5.548 

5.788 

14*59*33 

276 

5.985 

5.545 

5.786 

15* 0*44 

279 

5.983 

5.541 

5.784 

13* 1*56 

28J 

5.981 

5.539 

5.781 

Ij» 3: 7 

281 

5.973 

5.536 

5.779 

15* 4*13 

282 

5.977 

5.533 

5.776 

1 5 * 5 • 

263 

5.975 

5.530 

5.774 

15* 6*41 

284 

5.973 

5.528 

5.771 

' 3 * 7*53 

265 

5.971 

5.523 

5.769 

Id* v: 4 

26 J 

5.969 

3.520 

5.766 

1 J* I 0* 1 5 

26/ 

5.966 

5.517 

5.764 

15*11*27 

283 

5.965 

5.514 

5.761 

Ii:*12j3o 

2o9 

5.962 

5.510 

5.759 

Id* l3*bJ 

29J 

5.960 

5.507 

5.756 

I5M5* 1 

291 

5.958 

5.504 

5.753 

15*10*12 

292 

5.956 

5. 5-^0 

5.751 

1-j* 1 7*24 

29 3 

5.954 

5.497 

5.743 

1 ,j * i 6*35 

294 

5.952 

5. 493 

5.745 

1 j * 1 y* 47 

295 

5.950 

5.490 

5.742 

1 5*23*33 

295 

5. 947 

5.486 

5.739 

l j*22* y 

29/ 

5.945 

5.433 

5.737 

1 5* 23*21 

293 

5. 943 

3.479 

5.734 

1 j;24.'32 

3 99 

5 . 94 1 

o. 476 

5.731 

I -'*2 j* M 

3 ' .. 

5.939 

5.472 

5.72.8 

1 j*26* jj 

3-yl 

5.937 

5.468 

5.725 

lj*2cJt / 

3.)l 

5.934 

5.465 

5.722 

1 5 *29* 1 8 

303 

5.932 

5.462 

5.719 

1 j*30*27 

304 

5.930 

5.457 

5.716 

15*31*41 

305 

5.927 

5.454 

5.713 

15*32*52 

306 

5.925 

5.449 

5.710 

1:j*34* 4 

30/ 

5.923 

5. 445 

5.706 

15*35*15 

303 

5.920 

5.441 

5.703 

1 5*36*26 

309 

5.918 

5.436 

5.700 

1 5 *37* 36 

313 

5.91 6 

5.432 

5.697 

1 5*3t>*49 

311 

5.913 

5.427 

5.693 

15*40* 1 

312 

6.91 0 

5.423 

5.69/; 

1 -. * 4 1 * 1 2 

313 

5.906 

0.41 9 

5.686 

Ijt 42* 23 

oil 

5.906 

5.41 4 

5.683 

1 5*43*35 

315 

5. 903 

5.410 

5.679 

15*44*46 

310 

5.900 

5.455 

5.676 

1 5* 15* 5 i 

31 / 

5.896 

5.401 

5.672 

lu*47* V 

3 1 

5 . 895 

5.396 

5.668 

1 j * • 1 o * 2 ! 

319 

5.692 

5.39 1 

5.664 

1 5*49*32 

32 - 

5.090 

5.336 

5. 661 

15*5-!S 43 

321 

5. 387 

5.381 

5.657 

15*51*55 

322 

5. 834 

5.3/5 

5.653 

1j*53* ' 

32 3 

5.381 

5.370 

5 . 649 

15*54* 17 

324 

5.8/8 

5.365 

5.64 5 

1 5* .5*29 

32.. 

5.875 

5.3o0 

5.641 

1 5*56* 4 / 

32) 

5.672 

5.354 

5.636 

1 5* j7*52 

32/ 

5.870 

5.348 

5.631 

15*59* 3 

32 . 

5.866 

5.341 

5.626 

1 O * 3*15 

329 

5.663 

5. 336 

5.621 

16* 1*25 

,3) 

5.860 

5.329 

5.616 
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SCHEDULE B (contd) 


3/30/1977 DRIVING CVCLE SIMULATION TEST, PAGE# 7 


TIME 

CVCLE 

S.O.A.V. 

E.O.A.V. 

E,O.C.V. 

61 2*37 

331 

5.857 

5.322 

5.611 

6» 3J49 

J32 

5.85J 

5.316 

5.606 

6i 5« 0 

333 

5i850 

5.309 

5.601 

6* 6»12 

334 

5.846 

5.302 

5.596 

6« 7«23 

335 

5.843 

5.295 

5.591 

61 8*34 

336 

5.839 

5.288 

5.585 

6* 9146 

337 

5.835 

5.280 

5.580 

6*10*67 

333 

5.831 

5.272 

5.574 

6*12* 9 

339 

5.827 

5.264 

5.568 

6*13*20 

340 

5.823 

5.255 

5.561 

6*1 4*31 

341 

5.819 

5.247 

5.555 

6*16*43 

342 

5.814 

5.238 

5.549 

6*16*54 

343 

5.810 

5.228 

5.542 

6*18* 6 

344 

5.805 

3.219 

5.535 

6*19* !V 

345 

5.8S0 

5.209 

5.528 

6*20*23 

346 

5.795 

5. 198 

5.519 

6*21 * 40 

347 

5.790 

5.185 

5.509 

6*22*51 

340 

5. 785 

5.172 

5. 5 03 

6*24* 3 

349 

5.779 

5. 159 

5.490 

6*25* 1 4 

35) 

5.773 

5.145 

5.480 

6*26*26 

351 

5.767 

5. 130 

5.469 

0*27*37 

352 

5.760 

5. 114 

5.458 

6*23*43 

353 

5.753 

5. 097 

5.446 

6* 3D* y 

354 

5. /46 

5.0/9 

'3.433 

0*31*11 

3 55 

5.738 

5.039 

5.419 

0*32*23 

356 

5.729 

5.036 

5.404 

6*33*34 

357 

5.721 

5.011 

5.387 

6*34*45 

358 

5.71 1 

4.984 

5.369 

6*35*57 

359 

5.701 

4.954 

5.349 

6*37* 3 

36v-J 

5.690 

4.916 

5.324 

6*38*20 

361 

5.677 

4.868 

5.293 

6*39*31 

362 

5.664 

4.807 

5.255 

6*40*42 

363 

5.648 

4.715 

5.204 

6*41 * 54 

364 

5.630 

4.551 

5.123 

6*43* 5 

365 

5.609 

4.267 

4.962 

0»'M* 1 7 

366 

5.580 

3.932 

4.715 

6*45*23 

36/ 

5.542 

3.612 

4.472 

6*46*39 

363 

5.498 

3.264 

4.229 

6*47*51 

369 

5.442 

2.763 

3.914 


VOI.l'AJn IS LliSS THAN OH EQUAL TO VOLTAGE LIMIT ***;V*TEST STOP?ED*-v-v** 
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SCHEDULE C 


3/23/1977 

DRIVING 

CYCLE 

SI M'JLATI ON 

TEST* PAGE# 

TIMS 

CYCLE S 

.O.A. V. 

E.O.A.V. 

E.O.C.V. 

o»39»33 

1 

6.825 

5.718 

6. 131 

<it 4>)t 


6.421 

5.646 

6.124 

j:42» 1 9 

3 

6.421 

5.658 

6 . 1-33 

3M3»39 

4 

6.426 

5 . 663 

6.137 

d:45« 3 

b 

6.427 

5.666 

6.140 

3t46»2i4 

6 

6.426 

5.668 

6.140 

ai47»4^ 

7 

6.424 

5.668 

6.140 

b*49« i4 

3 

6.421 

5.668 

6.139 

b«50»2l 

y 

6.41 8 

5 . 668 

6.137 

dXDl Ml 


6.41 5 

5.666 

6.135 

di53t 1 

1 1 

6.412 

5.665 

6.133 

o»54J 12 

12 

6.409 

5.663 

6.131 

uS j5»/-2 

13 

6.406 

5. 662 

6 . 1 30 

-5td7» 2 

14 

6.402 

5.660 

6.128 

dJ'jHs 2 ,; 

1 j 

6.399 

5.659 

6.126 

c3:u9M3 

lo 

6.396 

5.657 

6 . 1 24 

y : 1:4 

1 { 

6.393 

5.655 

6.123 

y: 2:23 

13 

6.390 

5.653 

6 . 1 20 

9: 3:43 

ly 

6.387 

5.682 

6 . 118 

y: 5: 4 

2J 

6.384 

5.649 

6.116 

y« 6*24 

21 

6.382 

5.648 

6.115 

9 : 7 : ,44 

22 

6.379 

5.646 

6.113 

9: 5 

23 

6.376 

5.644 

6 . 110 

y : 1 -;s 2 j 

24 

6.373 

5.641 

6.108 

y: 1 1 :45 

2 o 

6.370 

5.639 

6.106 

9 : 1 3 : o 

26 

6.367 

5.638 

6 . 105 

y: 1 4: 2o 

2 / 

6.364 

5.636 

6.103 

y : I'j : 4o 

2 o 

6.362 

5.634 

6.100 

y:l7: 6 

2 y 

6.359 

5.631 

6.097 

y : 1 u: 2 / 

3J 

6.356 

5.628 

6.095 

y: 1 9:4/ 

31 

6.353 

5.626 

6.092 

y:2l: 7 

32 

6.350 

5.623 

6.090 

y:22:27 

33 

6.347 

5.620 

6.01 7 

9 : 23: 4 4 

34 

6.344 

5.61 9 

6 . 0 t 

9:2[j: 8 

3b 

6.341 

5.616 

6.08^ 

V : 26 : 2d 

3b 

6.338 

8.61 3 

6.080 

9 : 2 7 : 4y 

37 

6.335 

5.612 

6.078 

9 : 29 : 9 

3b 

6.3-53 

5.6)9 

6.076 

9 :3d: 29 

3y 

6.330 

8.6)7 

6.073 

9 : 31 :4y 

4 ^ 

6.327 

5.604 

6.071 

y:33: 1 J 

41 

6.324 

5.602 

6.069 

9:34:3 1 

42 

6.321 

8.6 )0 

6.066 

9:3L>: y.; 

43 

6.318 

5.597 

6.064 

y:J7: 1 1 

44 

6.31 5 

5.594 

6.062 

9138:31 

4b 

6.31 2 

5.592 

6. 060 

9i39:bl 

4b 

6.31 0 

5.539 

6.057 

9141 : 1 1 

4/ 

6.307 

5.587 

6.054 

9142:32 

4b 

6.304 

5.584 

6.051 

yi43:b2 

4V 

6.301 

5.581 

6.048 

9 : 4 b: 12 


6.298 

5.5/6 

6.045 

9146: 33 

bl 

6.295 

5.5/5 

6.043 

y : 4 / : b3 

b 2 

6.292 

5.5/3 

6.040 

v:4y: 1 3 

b3 

6.289 

5.5/0 

6,038 

y : : 34 

b4 

6.287 

5.567 

6.035 

y : j 1 : 34 

bu 

6.284 

5.564 

6.033 
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SCHEDULE C (contd) 


3/23/1977 DRIVING CYCLE SIMULATION TEST, PACE# 2 


TIME 

CYCLE 

S.O.A.V. 

E.O.A.V. 

E.O.C.V 

9i!53il4 

56 

6.281 

5.562 

6.030 

9*54134 

57 

6.278 

5.559 

6.«28 

9*56*55 

58 

6.275 

5.556 

6.025 

9*57*15 

59 

6.272 

5.553 

6.022 

9*58*35 

60 

6.269 

5.550 

6.020 

9*59*56 

61 

6.266 

5.547 

6.017 

D* 1*16 

62 

6.263 

5.544 

6.015 

0* 2*36 

63 

6.261 

5.542 

6.013 

0* 3*56 

64 

6.258 

5.539 

6.010 

0* 5*17 

65 

6.255 

5.535 

6.007 

0* 6*37 

66 

6.252 

5.532 

6.003 

0* 7*57 

67 

6.249 

5.529 

6.000 

0* 9* Id 

6d 

6.246 

5.525 

5.997 

0* i 0*3d 

69 

6.243 

5.522 

5.995 

0*11*58 

70 

6.240 

5.519 

5.992 

0*13* 18 

71 

6.238 

5.515 

5.989 

0*14*39 

72 

6.235 

5.512 

5.987 

0*1 5*59 

73 

6.232 

5.510 

5.983 

0*17*19 

74 

6. 229 

5.506 

5.981 

1 8* 40 

75 

6.226 

5.502 

5.978 

0*20* 0 

76 

6.223 

5.500 

5.976 

0*21*20 

7/ 

6.220 

5.496 

5.973 

0*22*40 

73 

6.217 

5.492 

5.970 

0*24* 1 

79 

6.214 

5.489 

5.967 

0*25*21 

80 

6.21 1 

5.485 

5.964 

0*26*41 

81 

6.208 

5.482 

5.962 

0*28* 2 

82 

6.206 

5.478 

5.959 

0*29*22 

83 

6.203 

5.475 

5.956 

0*30*42 

84 

6.2‘')0 

5.471 

5.952 

0*32* 2 

85 

6.197 

5.467 

5.949 

0*33*23 

86 

6.194 

5.463 

5.945 

0* J4*43 

87 

6. 191 

5.459 

5.942 

0»36* 3 

ad 

6. 188 

5.454 

5.939 

0*37*24 

89 

6.185 

5.451 

5.936 

w*38*44 

9J 

6.182 

5.447 

5.933 

0*40* 4 

91 

6. 179 

5.443 

5.930 

0*41 *24 

92 

6.176 

5.439 

5.927 

0*42*45 

93 

6.173 

5.434 

5.923 

0*44* 5 

94 

6.170 

5.430 

5.921 

0*45*25 

95 

6.167 

5.427 

5.917 

0*46*46 

96 

6.164 

5.422 

5.9U 

0*48* 6 

97 

6.161 

5.418 

5.911 

0*49*26 

9d 

6. 158 

5.414 

5.908 

0*50* 46 

99 

6.155 

5.410 

5.905 

0*52* 7 

100 

6.152 

5.405 

5.902 

0*53*27 

101 

6. 149 

5.401 

5.899 

vj*54*47 

102 

6.146 

5.396 

5.895 

0*56* 8 

103 

6.143 

5.391 

5.890 

0*57*23 

104 

6. 140 

5.386 

5.887 

0*58*48 

105 

6.137 

5.375 

5.883 

1* 0* 9 

106 

6. 134 

5.376 

5.880 

1* 1*29 

107 

6. 131 

5.371 

5.876 

1* 2*49 

108 

6.128 

5.366 

5.873 

1*4*9 

109 

6.125 

5.361 

5.870 

1* 5*30 

110 

6.122 

5.356 

5.866 
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T'ac ‘■''^'■^ 5I«ui.Anoi( TEST 


//* 6tby> 
" * ati .) 
II t 9:j| 

fl yj: ‘j I 

j I :i2t 1 1 
' I nj:3;j 

* ‘ * I 4»i)2 
' If 16112 

> I fl U32 

1 1 fj'jt I j 

Ilf.IfU 

> I f^^il4 
II fy!jl J4 

' ^ j^j 

1 1 

Il^^^flo 
' I f I3t36 
I *~l4:b6 

I I fJ6t l(i 
II f37: 37 

I I fJot-j/ 

I I *401 / I 

II*4,:3.j 

^42: b3 
!‘^4ZUi 
' ‘ f-hij.. 

1 1 *46:b'P 
I • *4a: )y 
1 1 *4yi 
II fbit J 

I I f-jJs23 

I I *43:4.; 

1 1 f ibt ., 

II »46:3j 
I I »47i4J 

1 1 f jy: I 

1 3t vjt 22 


I 3> 

13: 

I3i 

I3t 

IJt 

IJt 

I2t 


I f 42 
3f 2 
4*33 
i3*43 
7* 3 
ti*3j 
9 m4 

Il^fi2t24 

I3fl3t4b 

12. lb, 

2f 16.2b 

2.l7t4^ 


13/ 
1 3j 
I3v 
I 4 . 

141 

142 
I 43 
I 44 
I 4a 
14; 

I 41 
I 4;s 

142 

I b,) 
Ibl 
I jb 
IbJ 
I 54 
I bu 
I b6 
Ibl 
Ib-i 
I by 

1 6.J 

161 

162 
163 
lot 
I ■'> > 


111 

112 

113 

114 

110 
I 16 

111 
Il3 
112 
I2.J 
121 
122 
12^ 
124 
12b 
12) 

12/ 

12) 

1 22 
132 

131 

132 

133 

134 
I 3-j 
1 3o 


Co. 
n ^ I I 


6.119 

6. 115 

6. 1 13 

6. Jo'9 
6*106 
6 . (03 
6.130 

6.096 


6.093 

6.090 

6.0^7 

6 . 0B4 
6. 0y0 
6.077 
6.074 
6.070 
6. j67 
6.063 
6.060 
6.056 

6.053 

6.049 

6.046 

6.042 

6. 038 
6.035 
6.03/ 
6.02 7 
6. 023 
6,21 y 

6.0/5 

6.0J / 

6... '0 7 
6 . 003 
5.99 V 
5. <5t'4 
5.939 
5.985 
5.930 
J.97-i 
5.970 
^ 

5.959 
5.943 
5.947 
5.94/ 

5.934 
5.928 
5.92/ 

5.9/3 
5 * 906 
5.898 
5.89/ 

5. ;83 
5.:j75 


5.35/ 
5.346 
5.3 
5.336 
5.330 
5.325 
4.320 
5.3/4 

5,309 

5.303 

5.296 

5.289 

5.234 

5.2/7 

5.27/ 

5.265 


5.259 
5.242 

4.244 

5,238 

5.23/ 

5.223 

5.2/6 

5,209 

5.20/ 

6.193 
b. 1 35 
3.1/6 
5. /67 
4. / J3 

4. 148 

5. /38 
5. /2? 
‘3.118 
4. / 06 

J • t<?V5 

5.033 
5.0// 
5.048 


5.362 
5.858 
5.855 
5.85/ 
5.848 

5.844 

5.840 
5.83/ 
5, 333 
5.828 
5.824 
5*3/9 
5.8/5 
5,8/ 0 
5.806 
5.802 
5.798 
5.793 
5.788 
5. 784 
5.779 
5.774 
5.770 
5.76B 
5. 760 
5.755 
5.750 
5. 743 
5. 737 
5.730 
5. 724 
5.7/8 
5.7// 


. 044 


5.030 
4. 0/5 

b.'lji 

“I •98b 
4.9 1<3 
4.945 
4.937 
4.920 

4 . 903 

4.885 
4.868 
4.84/ 
4.834 
4. 8/5 
4.79 7 
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704 
5.698 
5.69/ 
5.683 
5.676 
5.667 
5 * 659 
5.650 
5.64/ 
5.63/ 
5.622 
5.6/2 
5.602 
5.590 
5.479 
5.568 
5.557 
5.547 
5.535 
5.524 
5. j/ 1 
5.403 
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SCHEDULE C (contd) 

3/23/1977 JRIVING CYCLE SIMULATION TEST, PAGE# 4 


TIME 

CYCLE 

S.O.A.V. 

E.C.A.V. 

E.O.C.V 

I2t20<26 

1 66 

5.868 

4.778 

5.491 

12121146 

167 

5.860 

4.758 

5.479 

I2l23t 7 

168 

5.852 

4.737 

5.468 

I2I24I27 

169 

5.844 

-.715 

5.455 

12*25147 

173 

5.836 

4.690 

5.442 

12*27* 6 

171 

5.327 

4.665 

5.428 

J2*28*28 

172 

5.318 

4.639 

5.413 

12*29*48 

173 

5.809 

4.608 

5.397 

12*31* 8 

174 

5.800 

4.575 

5.380 

12*32*29 

175 

5.790 

4.538 

5.362 

12*33*49 

176 

5.780 

4.496 

5.341 

12*35* 9 

! 11 

5.769 

4 . 444 

5.315 

12*36*33 

173 

5.757 

4.380 

5.287 

12*37*53 

1 79 

5.745 

4.296 

5.253 

12*39* 13 

183 

5.730 

4.177 

5.211 

12*40*33 

181 

5.715 

3.990 

5.154 

12*41*51 

182 

5.697 

3.717 

5.068 

12*43* 1 1 

183 

5.677 

3.357 

4.932 

12*44*31 

184 

5.652 

2.895 

4.718 
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SCHEDULE D 


3/22/19/7 iJHiVMG CYCLE SIMULATION TEST, PAGE./ 1 


TiM.i 

CYCLI: 

S.O.A.V. 

E.O. A. V. 

s.o.c.v 

J*47»So 

1 

6.7o6 

5.266 

6.054 

d * i»w 1 U 

2 

6.442 

5.295 

6.054 

(Jid2» 5 

3 

6.432 

5.293 

6.047 

U*S4« 1 1 

4 

6.417 

5.286 

6.038 

d*-j6* 16 

b 

6.4i)3 

5.277 

6.029 

y*5St 22 

6 

6.389 

5.268 

6.021 

y» Di27 

7 

6.377 

5.258 

6.012 

y* 2»32 

o 

6.3ob 

5.255 

6.003 

yi 4J34 


6.3b3 

5.238 

3.995 

y* 6t4i 

1 > 

6.342 

5.227 

5.986 

9 » fi « 4d 

1 i 

6.332 

5.217 

5.976 

y » 1 J » b4 

12 

6.321 

0»2iJ4 

5.966 

yi I2:b9 

13 

6.311 

5.191 

5.956 

y*15* d 

14 

6.3 

5.179 

5.946 

9» 1 /: L' 

1 j 

6.290 

d.165 

5.936 

9 * 1 9 i 1 d 

13 

6.279 

5.1d3 

5.928 

9*21 :21 

1 / 

6.269 

•9.140 

5.918 

9»2J:26 


6.2b9 

5. 1 25 

5.906 

y*2b« 32 

IV 

6.248 

5.1/J9 

5.395 

9*2/«37 


6.238 

5.093 

6.884 

9*29142 

21 

6.227 

5.077 

5.872 

y»31 *43 

2^ 

6.216 

5.060 

5.861 

9* 53»b 1 

23 

6.206 

5.044 

5.849 

y»,)b*b9 

24 

6. 1 95 

5.028 

5.838 

913d* 4 

2-j 

6. 1 o4 

5 . 0 1 d 

5.325 

y*4d* 9 

2o 

6.173 

4.990 

5.31 1 

9*42* lb 

2/ 

6.162 

4.969 

5.793 

9* -14*2 J 

2o 

6.150 

4.950 

5.784 

9*46* 2-d 

2>^ 

6.139 

4.928 

5. 771 

9*48* 31 

33 

6.127 

4.907 

5.757 

y*bd*36 

31 

6. 1 15 

4. -134 

5.742 

y* j2*42 

32 

6. 1 J3 

4.860 

5.726 

9* j4 *.;/ 

33 

6.d9l 

4.834 

5.709 

9*b6*b2 

34 

6.078 

4.807 

5.692 

9*38* dd 

33 

6.065 

4.778 

5.674 

Id* 1 i 3 

33 

6.W5I 

4.749 

5.657 

Id* 3* 9 

3/ 

6.037 

4.717 

5.637 

IJ* b*l4 

3J 

6.023 

4.683 

5.616 

Id* 7*19 

3‘> 

6.008 

4.643 

5.692 

1 Jt 9* 2o 

4 J 

5.992 

4.601 

5.567 

1 J* J 1 *39 

41 

5. 975 

4.552 

5.541 

ld*l3*3b 

42 

5.958 

4.5 )0 

5.512 

l.>*ld*4| 

43 

5.938 

4.438 

5.480 

Id* 17* 46 

44 

5.918 

4.363 

5.441 

1 J* I9*b2 

43 

5.895 

4.262 

5.393 

ld*2l*b/ 

46 

5.868 

4.125 

5.343 

IJ»24* 2 

4/ 

5.838 

3.892 

5.256 

1 J*26* d 

4j 

5.8d2 

3.291 

5.144 

1 *2d* 13 

4/^ 

5. 759 

1.7/b 

4.31 3 
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